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(57) Abstract- The present invention is direeted, in part, to improved nanocomposite compositions and processes for Preparing 
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i^^^lo form the aqueous nanocomposite dispersion wherein at leat one of the first or the second monomers compnses 
a polar monomer. 
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IMPROVED NANOCOMPOSITE COMPOSITIONS AND 
METHODS FOR MAKING AND USING SAME 



[0001] The present invention relates generally to improved nanocomposite 
compositions and methods for making and using the same. More particularly, the 
present invention relates to nanocomposites having improved physical property Thas 
invention also relates to the use of these improved nanocomposite compositions as, for 
example, coatings, sealants, caulks, adhesives, and as plastics additives. 
l0 002] One way of improving polymer properties is by adding a clay matenal to 
polymers to form composite materials. However, incorporating clays into polymers 
m ay not provide a desirable improvement in the physical properties, parfccularly 
mechanical properties, of the polymer. This may be due, for example, to the lack of 
affinity between the clay and the polymer at the interface, or the boundary, between 
the clay and polymer within the material. In this connection, affinity between the clay 
and the polymer may improve the physical properties of the resulting nanocompos.te 
by allowing the clay material to uniformly disperse throughout the polymer. The 
relatively large surface area of the clay, if uniformly dispersed, may provide more 
interfaces between the clay and polymer, and may subsequently improve the phy.cal 
properties, by reducing the mobility of the polymer chains at these interfaces. By 
contrast, a lack of affinity between the clay and polymer may adversely affect the 
strength of the composition by having pockets of clay concentrated, rather than 
uniformly dispersed, throughout the polymer. Affinity between clays and polymers is 
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related to the fact that clays, by nature, are generally hydrophillic whereas polymers, 
such as the polymers used in the aforementioned applications, are generally 
hydrophobic. 

[0003] Clay minerals are typically comprised of hydrated aluminum silicates that 
are fine-grained and have a platy habit. The crystalline structure of a typical clay 
mineral is a multi-layered structure comprised of combinations of layers of Si0 4 
tetrahedra that are joined to layers of A10(OH) 2 octahedra. The term "gallery", as used 
herein, describes the interlayer spaces of the layered clay minerals. The terms "d- 
spacing" or "basal spacing", as used herein, define the sum of the single layer 
thickness and the thickness of the interlayer or gallery, which is the repeat unit of the 
multi-layer mineral. Depending upon the clay mineral, the gallery may contain water 
and/or other constituents such as potassium, sodium, or calcium cations. Clay 
minerals vary based upon the combination of their constituent layers and cations. 
Isomorphic substitution of the cations of clay mineral, such as Al 3+ or Fe 3+ 
substituting for the Si 4+ ions in the tetrahedral network, or Al 3+ , Mg 2+ or Fe 2+ 
substituting for other cations in the octahedral network, typically occurs and may 
impart a net negative charge on the clay structure. Naturally occurring elements within 
the gallery of the clay, such as water molecules or sodium or potassium cations, are 
attracted to the surface of the clay layers due to this net negative charge. 
[0004] Nanocomposites are compositions in which at least one of its constituents 
has one or more dimensions, such as length, width or thickness, in the nanometer size 
range. The term "nanocomposite", as used herein, denotes the state of matter wherein 
polymer molecules exist among at least partially exfoliated clay layers. Recently, 
nanocomposites, that contain layered clay materials such as montmorillonite having 
silicate layers of a thickness of about 1 nanometer dispersed within a polymeric matrix, 
have been developed as a means to improve the physical properties of polymers. In 
order to effectively improve the physical or mechanical properties, the clay is typically 
uniformly dispersed throughout the polymer in order to promote more interfaces 
between the clay and polymer and enhance the affinity of the clay to the polymer at 
these interfaces. Further, if the clay is uniformly dispersed throughout the polymer, 
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less clay material may be added to the nanocomposite composition without adversely 
affecting the physical properties of the nanocomposite. 

(0005] Polymer-clay nanocomposites can be characterized as being one of several 
general types: intercalated nanocomposite, exfoliated nanocomposite, or combinations 
thereof. The term "intercalated nanocomposite", as used herein, describes a 
nanocomposite that consists of a regular insertion of the polymer in between the clay 
layers. The term "exfoliated nanocomposite", as used herein, describes a 
nanocomposite wherein the 1 nm-thick layers of clay are dispersed in the matrix 
forming a composite structure on the microscale. The latter type of composite, or 
exfoliated nanocomposite, maximizes the polymer-clay interactions thereby making 
the entire surface of the clay layers available for the polymer. This modification may 
lead to the most dramatic changes in mechanical and physical properties of the 
resultant polymer. By contrast, the term "conventional composite", as used herein, 
describes a composite where the clay acts as a conventional filler and is not dispersed 
on a nano-scale. These composites generally do not enjoy the improvement in 
mechanical and physical properties seen with exfoliated nanocomposites. In certain . 
embodiments of the present invention, some portion of the clay in the polymer clay 
nanocomposites may exist as structures larger than exfoliated or intercalated 
composites. 

[0006] In order to promote more affinity between the clay and the polymer at the 
interface and provide a uniform dispersion of the clay within the polymer, the 
interlayer surface chemistry of the clay may be modified to render the silicate layers 
less hydrophilic. Previous methods of altering the interlayer surface chemistry of the 
clay include the use of modifying agents, such as surfactants or silanes, to prepare a 
clay dispersion prior to its incorporation into a polymer. For example, surfactants may 
typically comprise a molecule having a hydrophilic functions (which has an affinity to 
polar media such as water or clay) and an organophilic function (which has an affinity 
to organic molecules such as oil or polymer). The use of surfactants allows one to 
disperse clay within a polymer. As used herein, the term "hydrophobically modified 
clays" denotes clays that may have its surface chemistry modified through the use of 
an agent such as a surfactant, silane, or other modifier. As used herein, the term 
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"unmodified clays" denotes clays that have not been hydrophobjcally modified by a 
modifying agent, or are used in its natural state. 

10007] Typical modifying agents used to render a clay less hydrophilic may 
include, but are not limited to, amino acids, alkylammonium ions, silanes, 
aminomethylstyrene, or living free radical polymerization initiator ("LFRP"). Further 
non-limiting examples of other suitable agents for the synthesis of nanocomposites are 
provided in the reference, M. Ogawa et al., "Preparation of inorganic-organic 
nanocomposites through intercalation of organoammonium ions into layered silicates", 
Bull. Chem. Soc. Jpn.. 70, 2593-2619 (1997). 

[0008] Amino acid surfactants are molecules that may consist of a basic amino 
group (-NH;) and an acidic carboxyl group (-COOH). When introduced into an acidic 
medium, a proton may be transferred from the -COOH group to the intramolecular - 
NH 2 group. It is believed that a cation exchange occurs between the -NH 3 + functional 
group that is formed and the naturally occurring cations (i.e., Na + , K + , etc.) present 
between the clay layers. This results in an intercalated state wherein the -NH 3 + 
functional groups are "sandwiched" between the individual layers replacing the 
naturally occurring cation. The term' "intercalate", as used herein, refers to 
incorporating foreign molecules, atoms, or ions in between the layers of the clay 
material. As a result of this intercalated state, the clay become hydrophobic. Amino 
acid surfactants are commonly used in the preparation of polyamide 6-clay hybrids 
because their acid functional group may polymerize with s-caprolactam that is 
intercalated between the layers. As a result, the intragallery polymerization 
delaminates th^ clay in the polymer matrix thereby forming a nanocomposite. 
[0009] Alkylammonium ion surfactants, such as onium salts, are commonly used 
to prepare clay dispersions for nanocomposite materials. The basic formula for a 
typical alkylammonium ion is CH 3 -(CH 2 ) n -NH 3 + where n is from 1 to 18. It is 
believed that the alkylammonium ions also readily exchange with the naturally 
occurring cations present between the clay platelets resulting in an intercalated state. 
Further, it is believed that the alkylammonium ions may increase the d-spacing 
between the clay layers and also may lower the surface energy of the clay thereby 
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allowing organic species with different polarities to become intercalated between tne 
clay layers. 

[0010] Silanes may also be used in the synthesis of unsaturated polyester-clay 
nanocomposites. Silanes are a family of organosilicon monomers, which may be 
characterized by the formula R-SiX 3 , where R is an organofunctional group, attached 
to silicon in a hydrolytically stable manner and X designates hydrolyzable groups that 
may be converted to silanol groups upon hydrolysis. It is believed that silanes interact 
with inorganic surfaces such as clay that have hydroxyl groups attached primarily to 
silicon or aluminum thereby forming a bond with the inorganic surface. 
1001 1] Hydrophobically modified clays have been oftentimes used in the 
preparation of nanocomposite materials. The article, "Synthesis and Characterization 
of Thermoset-Clay Nanocomposites" by Xavier Kornmann (referred to herein as the 
"Kornmann") provides some examples for synthesizing nanocomposites using 
hydrophobically modified clays using in-situ polymerization, melt intercalation, or 
solution-based polymerization methods. In the in-situ polymerization method, the 
hydrophobically modified clay, referred to in the article as "organoclay", is swollen in 
a monomer and then the polymerization reaction is initiated, through the addition of a 
curing agent or by an increase in temperature, to form the nanocomposite. It is 
believed that the polymerization reaction leads to the delamination of the clay. In the 
melt intercalation method, a molten thermoplastic is blended with a hydrophobically 
modified clay and then annealed at a temperature above the glass transition 
temperature of the polymer to form the nanocomposite. Lastly, in the solution 
polymerization method, the hydrophobically modified clay is first swollen in a solvent 
such as toluene or N, N-dimethylformamide. The polymer is then dissolved into the 
solvent where it intercalates between the clay layers. The solvent is then removed 
from the resulting nanocomposite via evaporation. 

[0012] Kormann also discusses preparing nanocomposites using solution 
polymerization involving unmodified clays in which the polar solvent is deionized 
water. However, Kormann does not discuss the addition of a multivalent cation to the 
aqueous system. 
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[0013] There are significant processing difficulties encountered wfcen preparing 
nanocomposites in aqueous dispersions using hydrophobically modified clays. In this 
connection, U.S. Pat. No. 5,S83,173 issued to Elspass et al. (hereafter "Elspass") 
describes a process for preparing single stage rubbery nanocomposite materials by 
polymerizing or blending latex polymers in the presence of a dispersion of a layered 
(clay) material. In the aqueous latex processes provided, Elspass discloses that the 
layered material is dispersed in water with a surfactant such as an onium salt for 
separating the layers, and then the monomers are polymerized for approximately 46 
hours to allow the polymers to intercalate between the layers. 

10014] The step of adding a surfactant to exfoliate the layers is time-consuming 
(e.g., Elspass discloses mixing a clay, surfactant, and monomer slurry for 20 hours, 
prior to polymerizing for another 26 hours). Moreover, the exfoliated clay dispersions 
tend to be highly viscous thereby causing processing problems. The processes of the 
present invention do not require exfoliating the clay with an added surfactant and are 
accordingly much faster and lower in viscosity than those disclosed by Elspass. 
[0015] The reference, Huang et al. "Synthesis and Characterization of PMMA 
Nanocomposites by Suspension and Emulsion Polymerization", Amer. Chem. S. 
(2000) ("Huang") describes the use of hydrophobically modified clays to form a 
PMMA nanocomposite via emulsion polymerization. During the emulsion 
polymerization, the surfactant was used as the emulsifier and the unmodified clay was 
added after polymerization. The Tg of the resultant nanocomposites are too high to be 
useful for many of the applications disclosed herein. Further, the nanocomposites are 
formed by a 'Vnelt press" process rather than in an aqueous system. 
[0016] Another disadvantage of using hydrophobically modified clays is that 
surfactants, particularly anionic surfactants, used to modify the clay may destabilize 
polymer latex emulsions. Many of the surfactants, such as onium salts, that are used to 
disperse clays are also emulsifying agents. In some cases, extreme difficulties may be 
encountered in the preparation of a stable polymer latex in the presence of such onium 
salt modified clays. To keep such emulsions stable in the presence of such onium 
salts, a large quantity of emulsifier is typically required. Larger quantities of 
emulsifier can degrade properties of the polymer in its final use (e.g., poorer water 
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resistance). Furthermore, large quantities of emulsifier may deleteriously affect the 
formation of polymer latex particles. Non-uniform polymer latex particle formation 
may lead to variations in emulsion droplet size resulting in non-uniform polymer 
particle sizes. Large quantities of emulsifier may also lead to the formation of 
"secondary particles" which may further broaden the particle size distribution. As 
well, there are often problems associated with broad particle size distributions such as 
shear instability of the emulsion, variability in polymer molecular weight (leading to 
variations in polymer process and properties), and degradation of properties when 
dried to a powder (e.g., dust resulting from the presence of small polymer particles). 
[0017] The foregoing problems aggravate the formation of latex polymer particles 
using emulsion polymerization processes. More particularly, the foregoing problems 
aggravate the formation of multi-stage latex polymer particles. Examples of multi- 
stage polymer processes, which are susceptible to these problems, include the 
preparation of "core-shell" polymer particles and using the gradual monomer addition, 
or "grad-add" processes. 

[00181 Still other methods of altering the interlayer surface chemistry of the clay ■ 
mineral, and consequently improve the affinity of the clay to the polymer, involves the 
creation of ion-dipoles to foster exfoliation of the clay. The article "Nanocomposites 
Produced Utilizing a Novel Ion-Dipole Clay Surface Modification." G.W. Beall and 
S.J. Tsipursky, Chem. Technol. Polym. Addit. (1999), Chapter 15, pp 266-280 teaches 
the use of organic molecules or polymers that possess functional groups having partial 
negative charges to displace the water molecules within the gallery of a sodium 
montmorillonite clay. It is believed that the negative charges of these functional 
groups form an ion-dipole bond with the exchangeable sodium ions on the surface of 
the clay layer. The presence of these functional groups within the gallery of the clay 
may aid in the exfoliation of the clay mineral. Alternatively, the clay may remain 
intercalated with these functional groups and then exfoliated, so that the functional 
groups may participate in the polymerization reaction. However, for certain purposes 
it may be undesirable to have these functional groups participate in the polymerization 
and remain within the structure of the nanocomposite. 
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10019] U. S. Pat. No. 5,998,528 issued to Tsipursky et ai. (hereafter Tsipursky") 
discloses the addition of divalent or trivalent cations during or after intercalation of the 
clay mineral to increase the viscosity of the clay slurry. The clay slurry is blended 
with one or more polymers, namely water soluble polymers, and an organic solvent to 
produce a viscous carrier composition. As mentioned earlier, viscous slurries, such as 
the viscous carrier composition disclosed in Tsipursky, can lead to processing 
problems in forming the nanocomposite composition. Further, it may be undesirable 
to introduce solvents into the nanocomposite composition. 

[0020] The present invention does not require the use of additional polymers, 
solvents, or other means, to enhance the affinity between the clay and the polymer at 
the interface and improve the overall mechanical properties of the nanocomposite. It is 
thus surprising and unexpected that the mechanical properties of nanocomposites may 
be improved through the addition of a second cation, typically a multivalent cation, 
that facilitates the ion exchange of a first cation present within the clay contained 
therein and promotes a greater affinity between the polymer and clay at their interfaces 
within the nanocomposite composition. 

[0021] The present invention is directed, in part, to improved nanocomposite 
compositions and processes for preparing same. Specifically, in one embodiment, 
there is provided a process for preparing an aqueous nanocomposite dispersion, 
wherein the process comprises: providing at least one first ethylenically unsaturated 
monomer; providing an aqueous clay dispersion comprising an at least partially 
exfoliated aqueous clay and, optionally, at least one second ethylenically unsaturated 
monomer, wherein said clay has a first exchangeable cation; adding a second cation to 
said aqueous clay dispersion, wherein at least a portion of the second cation exchanges 
with at least a portion of the first cation to form a modified aqueous clay dispersion; 
combining the first ethylenically unsaturated monomer and the modified aqueous clay 
dispersion; and polymerizing at least a portion of said first or second monomer to form 
said aqueous nanocomposite dispersion wherein at least one of the first or the second 
ethylenically unsaturated monomer comprises a polar monomer. In certain 
embodiments, the first ethylenically unsaturated monomer and the second ethylenically 
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unsaturated monomers are the same monomers. In other embodiments, the tirst and 
the second ethylenically unsaturated monomers are different monomers* 
[00221 These and other aspects of the invention will become more apparent from 
the following detailed description. 

[0023] The present invention is directed to processes for improving the physical 
properties of nanocomposite compositions by enhancing the affinity of the polymer 
and the clay contained therein. The present nanocomposite compositions may 
advantageously exhibit an improved balance of properties in comparison to 
nanocomposite compositions prepared by methods of the prior art. In particular, the 
nanocomposite compositions of this invention may exhibit improved strength 
properties, preferably without incurring additional processing steps or without adding 
additional clay, polymers, or solvents to the composition. The present invention also 
provides methods for improving a variety of nanocomposite compositions, prepared by 
emulsion, suspension, solvent, bulk, or other polymerization methods, through the 
addition of a second, typically a multivalent, cation. The affinity between the polymer 
and the clay within the nanocomposite composition may be improved regardless of 
whether the second cation is added prior to or after polymerization of the system. 
[0024] It has now been found that the addition of a second cation, typically a metal 
cation, to a nanocomposite composition comprising a polymer and clay containing a 
first cation, typically a naturally occurring cation, may desirably enhance the affinity 
between the polymer and clay at their interface. The enhanced affinity between the 
polymer and clay results in a nancomposite with improved physical properties such as 
increased tensile strength. Although the present invention is discussed with respect to 
emulsion-based polymers or aqueous nanocomposite dispersions, it is understood that 
the methods of the present invention are suitable for a variety of polymerization 
methods such as, but not limited to, solution or suspension polymerization techniques. 
Indeed, the present invention is suitable for any polymerization technique in which a 
partially or completely negatively charged monomer, oligomer, or stabilizer is 
attracted to the positive charge of the second cation and may be involved in the 
polymerization. 
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10025] In certain embodiments of the present invention, the nanocomposite is 
prepared via an emulsion-based polymerization technique. For example, in connection 
with the preparation of an aqueous nanocomposite dispersion, two separate aqueous 
reaction mixtures may be prepared initially which is followed by a multi-stage 
emulsion polymerization of the monomer within the reaction mixtures. While the 
present application discusses multi-stage polymerization primarily in terms of two 
stages, it is understood that more than two stages of polymerization of the monomer is 
further envisioned. The term "stage", "multi-stage", and "core shell" as used herein, is 
intended to encompass its broadest possible meaning, such as, for example, the 
meaning conveyed in U.S. Pat. Nos. 3,793,402, 3,971,835, 5,534,594, and 5,599,854, 
which disclose various means for achieving "staged" and "multi-staged" polymers. 
The first aqueous reaction mixture typically comprises a monomer mixture whereas 
the second aqueous reaction mixture comprises an aqueous clay dispersion and, 
optionally, a monomer mixture. In certain embodiments, however, the first aqueous 
reaction mixture may also comprise an aqueous clay dispersion. The term "aqueous 
nanocomposite dispersion" relates to a clay and polymer nanocomposite that further 
comprises an aqueous, or water phase. In certain embodiments, the monomer mixture 
in the first and/or the second aqueous reaction mixtures may be emulsified. In these 
embodiments, the monomer mixture in the first and the second aqueous reaction 
mixture may comprise the same monomers or may comprise different monomers. In 
one embodiment of the present invention, the percent weight of clay to the total 
amount of monomer within the aqueous nanocomposite dispersion can be in the range 
of from 0.05°4 to 20%, preferably from 0.1% to 15%, and more preferably from 0.1% 
to 10%, and even more preferably from 0.5% to 5%. 

[0026] The aqueous nanocomposite dispersion contains polymerized units derived 
from at least one type of ethylenically unsaturated monomer. The term "units derived 
from", as used herein, refers to polymer molecules that are synthesized according to 
known polymerization techniques wherein a polymer contains "units derived from" its 
constituent monomers. Preferably, the ethylenically unsaturated monomer is selected 
such that the polymerized units within the aqueous nanocomposite dispersion are water 
insoluble, i.e., have low or no water solubility. By "water-insoluble" it is meant having 
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a water solubility of the monomer no greater than 150 millimoles/liter at 25°C to 
50°C. 

10027J The preparation of the monomer mixture typically involves the vigorous 
mixing of at least one ethylenically unsaturated monomer with water and, optionally, 
an emulsifier. In other embodiments of the present invention the monomer may be 
added "neat", i.e., added without water. The amounts of monomer, water, and 
emulsifier in the monomer mixture may vary depending upon, for example, the 
particular monomer and/or emulsifier selected, the intended end-use, the 
polymerization technique, and the like. In certain embodiments, the amount of 
monomer in the monomer mixture is preferably in the range of from 25 to 100, 
preferably from 40 to 90, and even more preferably from 60 to 80 weight percent. The 
amount of water in the monomer mixture, if aqueous based, is preferably in the range 
of from 0.1 to 75, more preferably from 10 to 60, and even more preferably from 20 to 
40 weight percent based on the total weight of the emulsified monomer mixture (e.g.. 
monomers, emulsifier, and water). The amount of emulsifier, if added, in the 
monomer mixture is preferably in the range of from 0.01 to 1 0, preferably from 0.05 to 
2, and even more preferably from 0.1 to 1 weight percent. In certain embodiments 
wherein a hydrophobically modified, or surfactant-treated clay is used, the amount of 
emulsifier within the system may be adjusted, typically to lower amounts, in instances 
where the surfactant is also an emulsifier. 

[0028] The monomers which may be polymerized include any of the ethylenically 
unsaturated monomers commonly known in the art, such as those listed in The 
Polymer Handbook, 3 rd Edition, Brandrup and Immergut, Eds., Wiley Interscience, . 
Chapter 2, (1989). Suitable ethylenically unsaturated monomers include, for example, 
the Ci - C 18 alkyl (meth)acrylate monomers (e.g., methyl-, ethyl-, propyl-, n-butyl-, 
sec-butyl-, tert-butyl, pentyl-, isobomyl-, hexyl-, heptyl-, n-octyl-, 2-ethylhexyl-, 
decyl-, undecyl-, dodecyl-, lauryl, cetyl, and stearyl-(meth)acrylate and the like); vinyl 
aromatic monomers (e.g., styrene, alpha-methyl styrene, para-methyl styrene, 
chlorostyrene, vinyl toluene, dibromostyrene, tribromostyrene, vinyl naphthalene, 
isopropenyl naphthalene, divinylbenzene and the like); vinyl esters (e.g., vinyl acetate; 
vinyl versatate; and the like); vinyl-unsaturated carboxylic acids monomers (e.g., 
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methacrylic acid, acrylic acid, maleic acid, itaconic acid); nitrogen-containing vinyl 
unsaturated monomers (e.g., acrylonitrile, methacrylonitrile, and C, - C I8 alkyl 
(meth)acrylamides, and the like); dienes (e.g., butadiene and isoprene); ethylene, 
hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acrylate, and the like. The term 
"alkyl (meth)acrylate", as used herein, refers to both esters of alkyl acrylate and alkyl 
methacrylate. 

[0029] For the purposes of preparing nanocomposite compositions having 
desirable resistance to weathering, it is preferred to use monomers selected from the 
class of alkyl(meth) acrylates. For the purposes of providing low cost and 
commercially available aqueous nanocomposite dispersions, it is preferable that the 
ethylenically unsaturated monomer be selected from the group consisting of C, - C, 8 
alkyl methacrylate, C, - C, 8 alkyl acrylate, acrylic acid, methacrylic acid, butadiene, 
vinylaromatic monomers, and the like. For the purposes of using the aqueous 
nanocomposite dispersions for preparing coatings and adhesives, it is preferable to use 
C-C.8 alkyl (meth)acrylate monomers; acrylic acid; methacrylic acid; itaconic acid; 
vinyl acetate; vinyl versatate; vinyl aromatic monomers, and the like. It may be even 
more preferable to use n-butyl acrylate, ethyl acrylate, butyl methacrylate, methyl 
methacrylate, styrene, butadiene, acrylic acid, and methacrylic acid monomers for the 
purpose of providing aqueous nanocomposite dispersions in a variety of applications 
due to their relatively low cost and commercial availability. 

10030] Where it is desirable to covalently crosslink the polymers and/or to graft 
link multiple stage polymers (e.g., for preparing core-shell two-stage polymer 
particles), crosWinkers and/or graftlinkers may also be included in the monomer 
mixtures. The term "crosslinker", as used herein, refers to multi-functional monomers 
capable of forming two or more covalent bonds between polymer molecules of the 
same type. The term "graftlinker", as used herein, refers to multi-functional monomers 
capable of forming two or more covalent bonds between polymer molecules of one 
type with polymer molecules of another type. Suitable crosslinkers or graftlinkers 
include, for example, divinyl benzene, butylene glycol dimethacrylate, alkanepolyol- 
polyacrylates or alkanepolyol-polymethacrylates such as ethylene glycol 
di(meth)acrylate, butylene glycol diacrylate, oligoethylene glycol diacrylate, 
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oligoethylene glycol dimeth-acrylate, trimethylol-propane diacrylate, 
trimethylolpropane dimeth-acrylate, trimethylol-propane triacrylate ("TMPTA") or 
trimcthylolpropane trimethacrylate, and unsaturated carboxylic acid allyl esters such as 
allyl acrylate, diallyl maleate, and typically allyl methacrylate, and the like. 
|0031 ] In certain preferred embodiments, at least one of the monomers within the 
monomer mixture is a polar monomer. The term "polar monomer", as used herein, 
describes a monomer with a partially or completely negative charge. Examples of the 
these monomers include, but are not limited to, monomers containing carboxylic acid, 
phosphate, or sulfate functional groups. Still further examples of polar monomers are 
monomers that include hydroxyl, ester, ether, aldehyde and ketone functional groups. 
Preferably, the polar monomer is a carboxylic acid containing monomer. The term 
"acid containing monomer", as used herein, refers to any ethylenically unsaturated 
monomer that contains one or more acid functional groups or functional groups that 
are capable of forming an acid, such as an anhydride, for example, methacrylic 
anhydride, maleic anhydride, or itaconic anhydride. Examples of acid containing 
monomers include, for example, carboxylic acid bearing ethylenically unsaturated , 
monomers such as acrylic acid, methacrylic acid, itaconic acid, maleic acid and 
fumaric acid; acryloxypropionic acid and (meth)acryloxypropionic acid; sulphonic 
acid-bearing monomers, such as styrene sulfonic acid, sodium vinyl sulfonate, 
sulfoethyl acrylate, sulfoethyl methacrylate, ethylmethacrylate-2-sulphonic acid, or 2- 
acrylamido-2-methylpropane sulphonic acid; phosphoethylmethacrylate; the 
corresponding salts of the acid containing monomer; or combinations thereof. In other 
embodiments of the present invention, the polar monomer relates to polar oligomers or 
unsaturated oligomers, such as trimers, that have a partially or completely negative 
charge and which have one or more points of unsaturation, such as terminal 
unsaturation. In certain other embodiments of the present invention, the polar 
monomer relates to low molecular weight polymeric stabilizers that may be soluble in 
base (i.e., contain many C0 2 H groups and are alkali soluble). Some non-limiting 
examples of these polar, polymeric stabilizers include MOREZ™ 101 or TAMOL™ 
731, both of which are manufactured by Rohm and Haas, Inc. of Philadelphia, PA. In 
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these embodiments, the amount of polar' stabilizer within the system may range trom 
15 to 50 weight percent. 

[0032] In certain embodiments, the aqueous clay dispersion, or second reaction 
mixture, may comprise a monomer mixture of at least one ethylenically unsaturated 
monomer which is an anionic monomer. Preferably, the anionic monomer is an acid 
containing monomer. In these embodiments, a portion of the anionic monomer is 
"staged", i.e., a portion of the anionic monomer, 50% or less, preferably 25% or less, 
even more preferably 10% or less, is added to the first aqueous reaction mixture 
containing no clay and the remainder of the anionic monomer is added to the second 
aqueous reaction mixture. In embodiments involving acid-containing monomers, it is 
believed that this allows the acid functional groups to equilibrate within the clay 
galleries and remain there during the polymerization process. The acid containing 
monomer may aid in lowering the viscosity of the aqueous reaction mixture containing 
clay and enhance the affinity of the polymer to the clay surface. This staged method of 
anionic monomer addition may advantageously result in an improvement in physical 
properties in comparison to a straight addition of the anionic monomer to the first 
aqueous reaction mixture. 

100331 In embodiments where the acid-containing monomer is staged, the amount 
of acid staged in the second aqueous reaction mixture containing clay can range from 
greater than 0% to less than 100% of the total acid charged within the aqueous 
nanocomposite dispersion. The second aqueous reaction mixture may contain from 
1% to 50%, preferably 5% to 25%, and even more preferably 5% to 15% of the acid 
containing monomer within the aqueous nanocomposite dispersion. For those 
embodiments which utilize higher levels of acid (i.e., 10% or greater of the total 
monomer within the aqueous nanocomposite dispersion is an acid containing 
monomer) or for those embodiments that use anionic surfactants for stabilization of the 
polymer dispersion, a lower percentage of acid containing monomer is incorporated 
into the second aqueous reaction mixture. The optimal amount of acid containing 
monomer will vary by the composition of the reaction mixture and the acid type, 
however, the amount of acid containing monomer will generally be at a level which is 
equimolar with the CEC of the clay and the amount of divalent (or higher valency) 
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ions, if any, added to the second aqueous reaction mixture. Accordingly, me optimal 
amount for enhancing the affinity between the polymer and the clay would include one 
clay acid group, one divalent ion, and one acid containing monomer. The optimal 
amount will employ only as much acid containing monomer as necessary in the second 
aqueous reaction mixture to modify the clay with polymer; the remaining amount of 
acid containing monomer within the first aqueous reaction mixture will then aid in 
stabilizing the growing polymer/clay nanocomposite particles. 
l0 034] In embodiments where nonionic polymer stabilizers are used, such as for 
example, alkyl ethoxylated surfactants, the relative amount of acid containing 
monomer within the second aqueous reaction mixture in comparison to the first 
aqueous reaction monomer will tend to be a higher percentage of the total amount of 
acid containing mixture in the nanocomposite. In these embodiments, the acid 
containing monomer is intended to specifically aid in the intercalation and exfoliation 
of the clay and not for stabilization of the polymer particle. 
[00351 In embodiments where the monomer mixture is emulsified, suitable 
emulsifiers may include, but are not limited to, those conventionally used in emulsion 
polymerization, such as salts of alkyl-, aryl-, aralkyl-, alkaryl- sulfates or sulfonates; 
alkyl-, aryl-, aralkyl-, alkaryl-poly(alkoxyalkyl) ethers; alkyl-, aryl-, aralkyl-, alkaryl- 
poly(alkoxyalkyl) sulfates; alkali salts of long-chain fatty acids such as potassuim 
oleate, typically alkyl diphenyloxide disulfonate; and the like. The preferred 
emulsifiers may include, for example, dodecyl benzene sulfonate and dioctyl 
sulfosuccinate. 

10036] The second aqueous reaction mixture comprises an aqueous clay 
dispersion. The aqueous clay dispersions include at least 0.05, typically from 0.1 to 
20, more typically from 0.1 to 15, even more typically from 0.1 to 10, and most 
typically from 0.5 to 5 weight percent of clay based upon the weight of the monomer 
in the aqueous nanocomposite dispersion. The amount of water present in the aqueous 
clay dispersion is from 70 to almost 100 weight percent. In certain embodiments, the 
aqueous clay dispersion may also include a monomer mixture comprising at least one 
ethylenically unsaturated monomer, such as the monomers disclosed hereui. 
Preferably, at least one of the ethylenically unsaturated monomers within the mixture 
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is a polar monomer, In embodiments wherein a monomer mixrure is adder. ,0 me 
aqueous clay dispersion, me weigh. pereen.age of .he monomer within .he aqueous 
clay dispersion may be from 0.01% .0 100%by weight. 

,00371 in certain embodiments of the present invention, me weigh, percentage of 
,he clay in .he aqueous phase may decrease as i. becomes incorporated into .he 
nanocomposite/polymer phase of the aqueous nanocomposite dispemon. Thts 
decrease in clay concentration may occur during the polymerization s.ep(s) as .he 
polymers form and incorpora.e ,he clay (re., exfolia.ed day layers and/or non- 
exfolialed clay particles) into the nanocomposhe particles. 
,0038) Sui.able clays for the aqueous clay dispersion includes any natural or 
synthetic layered mineral capable of being intercalated or exfolia.ed. Examples of 
such clays may include, for example, layered silicare minerals. The layered silica,, 
minerals that may be employed include natural and synthetic minerals capable of 
forming intercalation compounds. Examples of some naturally occurring minerals 
include, bu. are no. limited to .hose known as, smectite, phyllos.hcate, 
montmorillonite, saponite, bcidelli.e, momronne, hectori.e, s,evensi,e, vermtcuhte, 
kaolinite and hallosite. Preferably among these minerals is montmorillonne. Some 
non-limiting examples of syn.he.ic minerals, or syn.he.ic phyl.osllica.es, may mclude 
LAPONITE®, which is manufactured by Laporte Industries, Ltd. of Charlotte, North 
Carolina, magadiite, and fluorohectorite. 

(00391 Clays typically have a. leas, one naturally occurring cation, or firs. ca..on, 
such as potassium, calcium, or sodium, present within their galleries .ha, ^ attrac,ed 
,o tine ne, negative charge of me clay surface. For example, clays like mon«monllon,«= 
may be mined wi,h a naturally occurring or firs, cation such as sodium or calcum. 
The ,enns "sodium form" or "calcium form" refer ,o clays ma, have a firs, cation wtach 
is sodium or calcium, respectively. 

,0040) The canonic exchange capacity ("CEC") of the clay relates ,o the ,on 
exchange capacity of ,he clay, or the ,«al quantify of positive charge ma, can be 
absorbed onto the clay surface, expressed in ,crms of positive charges per un„ mass of 
colloidal particles. Some CEC values for exemplary clay ma,erials are as follows: 
monrmorillonhe clays range from 70 ,0 150 meq/lOOg; hallosi.e Cays range from ,0 
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50 meq/lOOg; and kaolinite clays ranges from 1 to 10 meq/lOOg. In certain 
embodiments of the present invention, the clays selected preferably have higher CEC 
values. In preferred form, clays used in the present invention may have a CEC 
capacity of about 40 meq/lOOg or greater, preferably a CEC capacity of about 70 
meq/lOOg or greater, more preferably a CEC capacity of about 90 meq/lOOg or greater, 
and even more preferably a CEC capacity of 100 meq/lOOg or greater. In certain 
embodiments of the present invention, the CEC capacity of the clay may be increased, 
which enhances the affinity of the clay to the polymer within the nanocomposite 
dispersion, by electrochemically reducing the clay prior to the polymerization of at 
least a portion of the monomer. 

[00411 In the present invention, the clays within the aqueous clay dispersion may 
be either partially or completely exfoliated. Preferably, the clay is an at least partially 
exfoliated clay. The term "at least partially exfoliated clay", as used herein, generally 
refers to clay in which the layers have been completely or partially separated from one 
another. By contrast, the term "non-exfoliated clay" generally refers to the physical 
state of clay which does not exist as separated layers. The terin "intercalated" 
generally refers to the state where polymers are interposed between the layers of the 
clay within the system. The term "partially intercalated" generally refers to the state 
wherein some of the clay layers within the system have polymer in between the layers 
and other clay layers.do not. Any of the various states of polymer and clay systems 
may be used in the present invention. 

[0042] Typically, the aqueous dispersions of completely ("fully") exfoliated clay 
are quite viscous and/or gelatinous at clay concentrations greater than a few percent. It 
should be appreciated to those skilled in the art that the exact weight percent 
(concentration) of clay which forms such a highly viscous gel depends on a number of 
factors, including but not limited to clay type, temperature, pH, and the like. 
Typically, the clay dispersion forms a free-flowing liquid rather than a viscous gel. 
[00431 In the present invention, limiting the degree of exfoliation to less than 
100% complete, i.e. partial exfoliation (less than 100%) typically provides clay 
dispersions that have reduced viscosities and/or a non-gelled liquid state. Hence, the 
portion of the clay that is exfoliated into clay layers typically provides the major 
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contribution to viscosity increase while the non-exfoliated portion (i.e., clay particles) 
provides a minor contribution to the viscosity increase. Accordingly, the total amount 
of partially exfoliated clay in a aqueous clay dispersion is typically less than about a 
few percent by weight, preferably 5 % or less, more preferably 4% or less, and even 
more preferably 3 % or less, based on the total weight of the dispersion. Further 
exfoliation of the clay may take place during subsequent processing, such as in the step 
of emulsion polymerization. It is contemplated that the reduction of viscosity of the 
aqueous clay dispersion may be aided by dispersants, such as, but not limited to 
polyphosphates. These may be added during the polyermization process or to the 
polymerized product. 

[0044] Often, moderate mechanical mixing not requiring high shear may be 
suitable to provide dispersions of an at least partially exfoliated clay in water. When 
fully exfoliated clays cause processing problems associated with the presence of high 
viscosities and/or gels in the reaction media, the degree of exfoliation should be less 
than complete. Likewise, to achieve the desired chemical and physical properties, the 
clay should be at least partially exfoliated. As well, the step of shearing clays in an 
aqueous environment typically results in a viscosity increase of the aqueous 
environment. Usually, the greater the degree of exfoliation the greater the increase in 
viscosity. 

10045] Besides increasing the degree of exfoliation of the clay, increasing the clay 
concentration within the aqueous nanocomposite dispersion may also result in 
increased viscosities. To this end, viscosity may be controlled by dilution of the 
reaction media\and/or clay dispersion by a suitable liquid, such as water. Typically, it 
may be desirable to control the viscosity of reaction media and/or clay dispersion by 
dilution prior to the polymerization step(s). For example, to obtain a high level of clay 
enrichment in the nanocomposites of the present invention (e.g.. clay amounts greater 
than 5% based on total weight polymer within the aqueous nanocomposite dispersion), 
the reaction media may be diluted with a sufficient amount of water prior to 
subsequent polymerization steps to reduce the viscosity. The amount of dilution that 
is necessary to achieve a particular viscosity level may be readily determined by those 
skilled in the art. Typically, to obtain a sufficient viscosity range prior to adding 
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subsequent reactants, the solids concentration of the reaction medra may be controlled 
to less than 50%, typically between 10% and 40%, and even more typically to between 
20% and 30%. In certain embodiments, the viscosity of the aqueous dispersion prior 
to adding the reactants may range up to 5,000 centipoises ("cps") using a Brookfield 
Viscometer and measured using a number 3 spindle at 60 revolutions per minute 
("rpm"). 

[0046] Aqueous clay dispersions may be prepared by subjecting an aqueous clay 
mixture comprising at least one unmodified clay to shearing forces such as by 
mechanical mixing to partially and/or fully exfoliate the clay. Various high shearing 
methods to disrupt the physical integrity of clay particles in water to at least partially 
exfoliate the clay without requiring a modifying agent such as a surfactant are also 
envisioned. These methods include, but are not limited to, ultrasonication, 
megasonication, grinding/milling, high speed blending, homogenization, and the like. 
The aqueous clay dispersion may also be subjected to shearing forces at temperatures 
which range from 10 to 150 °C, preferably from 20 to 100 °C, and more preferably 
from 20 to 90 °C to further aid in exfoliating the clay layers. Although such high 
shearing methods may be used in the process of the present invention, these methods 
are not required to achieve an at least partially exfoliated state. In the various 
embodiments of this invention, the clay may include both exfoliated clay layers and 
non-exfoliated clay particles. In certain embodiments of the. present invention, 
homogenization of the clay dispersion is not required. Indeed, in certain embodiments 
of the present invention, depending upon the amount of the clay within the dispersion, 
homogenization may not be necessary to provide the desired improvements in physical 
properties such as tensile strength. 

100471 Hydrophobically modified may also be used with the methods of the 
present invention. In certain embodiments of the present invention, the clays may be 
at least partially hydrophobically modified. As mentioned earlier, modifying agents 
such as surfactants modify the surface chemistry of the clays, for example, by ion 
exchanging with the naturally occurring cations present within the clay. This results in 
an "intercalated" state wherein the surfactant is "sandwiched" between the individual 
layers replacing the naturally occurring cation. Exemplary surfactants may include 
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anionic, cationic, or nonionic surfactants having a hydrophilic head group and at least 
one oleophilic tail wherein the tails are selected from hydrogen and alkyl, alkenyl, and 
alkynyl groups having about 4 to about 30 carbon atoms. Preferably, the surfactant 
used with the methods of the present invention are cationic surfactants. The term 
"cationic surfactant", as used herein, describes surfactants wherein the hydrophobic or 
hydrophillic moiety, preferably hydrophillic, carries a positive charge when dissolved 
in an aqueous media. Representative cationic surfactants may include onium salts 
such as, for example, salts comprising quaternary ammonium, quatenary 
phosphonium, or tertiary sulfonium cations or aliphatic mono-, di-, and polyamines 
derived from fatty and rosin acids. In the representative surfactants provided, the 
positive charge generally resides on an amino or quaternary nitrogen. 
[00481 As mentioned earlier, the clay material present within the nanocomposite 
dispersion, or the clay dispersion contained therein, includes a first cation residing 
between the clay layers. Alternatively, the first cation may be present as counter-ion to 
the anion within the surfactant. This first cation may comprise naturally occurring 
cations that are present within the galleries of the clay mineral, such as sodium, 
potassium, or calcium cations, and/or surfactants, preferably cationic surfactants. For 
example, the first cation may preferably comprise from 0 to 20%, by dry weight 
percent of the clay, or more preferably from 0 to 50%, dry cation. In certain preferred 
embodiments, the sodium hydrophobically modified clay is more preferred. 
[0049] A second cation, preferably a multivalent cation, more preferably at least 
one divalent or trivalent cation, and even more preferably at least one divalent or 
trivalent metal\cation such as but not limited to Ca, Mg, Cu, Mg, Fe, or Zr, is added to 
the aqueous nanocomposite dispersion or clay dispersion. Preferably, the second 
cation does not comprise an onium cation or a cationic surfactant. The addition of the 
second cation to the aqueous clay dispersion results in a modified aqueous clay 
dispersion. The addition of the second cation to the aqueous nanocomposite dispersion 
results in an in situ modified clay. The cation is preferably soluble, i.e., is present at a 
level such that all of the cation may dissolve in a solvent. In preferred embodiments, 
the solvent is water and the cation is water soluble. 
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l0 050] The second cation may preferably be added in the form of a slurry or 
solution. In certain embodiments of the present invention, the second cation is added 
in the form of a solution containing a metal salt comprising at least one divalent and/or 
trivalent cations. Preferably, the metal salt is dissolved in water or other solvent. 
Examples of such metal salts include, but are not limited to, Ca(OH) 2 , Mg(OH) 2 , or 
Mg(S0 4 ). Further non-limiting examples of metal salts, comprising divalent or 
trivalent cations, are provided in U. S. Pat. No. 5,998,538. The selection of the second 
cation is influenced by the final use of the nanocomposite whereas the selection of the 
anion may influence the solubility. The amount of the second cation that is added to 
the aqueous nanocomposite or clay dispersion ranges from O.OOl to 10 weight percent, 
more preferably from 0.01 to 5 weight percent, and even more preferably from 0.1 to 1 
weight percent, based upon the dry weight of the clay within the nanocomposite or 
clay dispersion. Elevated temperatures are preferred to favor the exchange of the 
second cation with the first exchangeable cation. However, the second cation may 
exchange with the first exchangeable cation at room temperature, i.e. temperatures of 
25 °C or greater. 

[00511 ^ accordance with the present invention, at least a portion of the second 
cation effectively ion exchanges with at least a portion of the first cation. The second 
cation does not need to completely exchange with the first cation. The degree of 
exchange may be determined, for example, in a latex by isolating the polymer from the 

aqueous phase and analyzing the aqueous phase by standard techniques, such as, for 

example, quantitative atomic absorption, 

100521 The selection of the second cation to be added to the nanocomposite system 
or clay dispersion is dependent, for example, upon the desired properties or intended 
end use. Preferably, at least a portion of the second cation should differ from at least a 
portion of the first cation to effectively ion exchange. For example, in a system where 
the first cations comprise sodium, calcium, and cationic surfactant, a divalent cation, 
such as calcium, will typically exchange first with the sodium cation and next with the 
cationic surfactant. The first calcium cation is not expected to exchange with the 
second calcium cation but rather reaches an equilibrium state; therefore if the first 
cation is completely comprised of calcium no exchange will be evident. For example, 
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the reference "Ion Exchange Interaction of Quaternary Alkylammmonium Cations with 
Sodium and Calcium Forms of Montmorillonite", A. I. Zhukova et aL, Ukr. Khim. Zh., 
1975, 41(7), 696-699, describes that the naturally occurring calcium cation in the 
montmorillonite clay is bonded more firmly than the surfactant cations, IV^N* or 
BuNH3 + . The rate of ion exchange varies depending upon a variety of factors such as 
the relative amounts of first and second cations within the system, the relative sizes of 
the cations to be exchanged, and/or the amount of water molecules present within the 
galleries. Since the exchange of the first and second cation is reversible, in certain 
preferred embodiments of the present reaction, the forward reaction, or the exchange 
of the second cation for the first cation, preferably occurs rather than the reverse 
reaction. 

[0053] The second cation may be added to the clay dispersion at any point during 
or after the polymerization process to enhance the affinity of the polymer to the clay 
within the system and improve the physical properties of the nanocomposite. 
Preferably, the second cation may be added to the aqueous clay dispersion prior to or 
during the polymerization of monomer to form the nanocomposite dispersion. This 
mode of addition typically results in" greater improvements in the physical properties of 
the nanocomposite compared with adding the second cation after polymerization. 
Improved properties may also be seen if the second cation exchanges with the first 
exchangeable cation in the presence of a non-ionic surfactant such as soap, calcium 
hydroxide, or water. The presence of the non-ionic surfactant seems to enhance the 
degree of exchange of the second cation with the first exchangeable cation and the 
resultant physical properties such as tensile strength of the nanocomposite. 
[0054] The modified aqueous clay nanocomposite dispersion, or the aqueous clay 
dispersion in which the second cation has been added, may exhibit a lower viscosity 
than the aqueous nanocomposite dispersion without such modification. Depending 
upon the composition of the nanocomposite dispersion, the reduction of viscosity may 
be an order of magnitude, i.e., thousands of centipoise to hundreds of centipoise. This 
reduction of viscosity may be attributable to the attraction of the negative portion of 
the polymer to the exchanged cations on the clay surface. 
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[0055] In certain preferred embodiments of the present invention, there is provided 
a process for preparing an aqueous nanocomposite clay-polymer dispersion, wherein 
the process comprises: providing at least one first ethylenically unsaturated monomer; 
providing an aqueous clay dispersion comprising an at least partially exfoliated 
aqueous clay and, optionally, at least one second ethylenically unsaturated monomer, 
wherein said clay has a first exchangeable cation; adding a second cation to said 
aqueous clay dispersion, wherein at least a portion of the second cation exchanges with 
at least a portion of the first cation to form a modified aqueous clay dispersion; 
combining the first ethylenically unsaturated monomer and the modified aqueous clay 
dispersion; and polymerizing said first and/or second monomer to form said aqueous 
clay polymer nanocomposite dispersion wherein at least one of the first or the second 
ethylenically unsaturated monomer comprises a polar monomer. In certain 
embodiments, the monomer in the nanocomposite dispersion is polymerized after the 
adding step. These steps may be performed in a variety of different orders. For 
example, in one embodiment, the second providing step and the adding step may be 
performed either prior to or after the polymerizing step. 

[0056] In the third step of one embodiment of the present invention, the first and 
second aqueous reaction mixtures, or aqueous mixture and aqueous clay dispersion, 
are multi-stage emulsion polymerized. Such multi-stage emulsion polymerization 
preferably involves the sequential polymerization of two or more monomer mixtures 
wherein the monomers of the first monomer mixture are polymerized to more than 
80%, preferably more than 90%, and even more preferably more than 95% degree of 
conversion to form a polymer particle dispersion. This polymerization is preferably 
followed by the polymerization of a second monomer mixture containing the clay 
dispersion in the presence of the polymer particle dispersion to form additional 
polymers which may associate with the polymer particles {e.g., polymer shells around 
or domains within the polymer particles) and/or form additional polymer particles. 
[0057] In another aspect of the present invention, an aqueous dispersion may be 
prepared by a multistage emulsion polymerization process, in which at least two stages 
that differ in composition are polymerized in sequential fashion. Such a process 
usually results in the formation of at least two mutually incompatible polymer 
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compositions, thereby resulting in the formation of at least two phases within the 
polymer particles in the aqueous nancomposite dispersion. Such particles are 
composed of two or more phases of various geometries such as, for example, 
core/shell or core/sheath particles, core/shell particles with shell phases incompletely 
encapsulating the core, core/shell particles with a multiplicity of cores, and 
interpenetrating network particles. In all of these cases the majority of the surface area 
of the particle will be occupied by at least one outer phase and the interior of the 
particle will be occupied by at least one inner phase. Each of the stages of the multi- 
staged emulsion polymers within the aqueous nancomposite dispersion may contain 
the same monomers, surfactants, redox initiation system, chain transfer agents, etc. as 
disclosed herein-above for the emulsion polymer. The polymerization techniques used 
to prepare such multistage emulsion polymers are well known in the art such as, for 
example, U.S. Pat. Nos. 4,325,856; 4,654,397; and 4,814,373. 

[0058] During this step, it should be appreciated that the first and second aqueous 
reactions mixtures may be multi-stage polymerized in either order. For preparing 
nanocomposite compositions in the form of dry powders it is preferable that the 
monomer(s) within the clay-containing mixture, or second aqueous reaction mixture, is 
polymerized after the monomer(s) within the first aqueous reaction mixture. 
10059] In one embodiment of the present invention, the clay may be at least 
partially exfoliated during polymerization of the monomers in the second reaction 
mixture which contains the monomer and clay. In this embodiment, the clay/monomer 
mixture may be the first stage of the multi-stage polymerization so that the inner 
polymer core portibn of the multi-stage polymer will preferably contain at least a 
portion of the clay. In another embodiment, this clay/monomer mixture may be the 
second stage of the multi-stage polymerization so that the outer polymer shell portion 
of the multi-stage polymer will typically contain at least a portion of the clay. In 
further embodiments both stages may contain the clay. 

[0060] The emulsion polymerization step is typically carried out in a suitable 
reactor wherein the reactants (monomers, initiators, optional emulsifiers, aqueous clay 
dispersion, and optional chain transfer agents) are suitably combined, mixed, and 
reacted in an aqueous medium, and wherein heat may be transferred into, and away 
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from, the reactor. The reactants are preferably added slowly (gradually, as in a semi- 
batch process) over time, continuously, or quickly as a "shot" (batchwise) into the 
reactor. Typically, the reactants are gradually added ("grad-add") to the reactor. 
10061] In other embodiments of the present invention, the nanocomposite 
dispersions of the present invention may be polymerized through techniques other than 
emulsion polymerization. For example, the nanocomposite dispersions may be 
polymerized via bulk polymerization techniques, i.e., polymerization without added 
solvents or water. In other embodiments, solution polymerization techniques may be 
used if the heat of polymerization of the monomer or the viscosity of polymer is too 
high. Preferably, the polymerization occurs in an aqueous medium but other mediums, 
or solvents, may be used. However, some disadvantages with solution polymerization 
may be removal of the solvent at the completion of the reaction or chain transfer 
reactions with the solvent which may limit molecular weight. 
[00621 In other embodiments of the present invention, the monomer within the 
nanocomposite may be polymerized by suspension polymerization. In these 
embodiments, the monomer is mechanically dispersed in a liquid. medium, preferably . 
water, and is polymerized as droplets. 

[0063] Various initiator systems are known in the art of free radical initiation and 
may be used in the methods described herein. The selection of the initiator system 
may vary depending upon the polymerization technique used. A thermal initiator, such 
as, but not limited to, a persulfate salt may be used. Alternatively, a free radical redox 
initiator system may also be employed. Examples of such systems include, for 
example, an oxidizing agent or oxidant such as a persulphate, azo, peroxide (e.g., 
hydrogen peroxide, f-butyl hydroperoxide, r-amylhydroperoxide), and the like in 
combination with a reducing agent or reductant such as sodium metabisulphite, sodium 
bisulfite, sodium sulfoxylate formaldehyde, sodium dithionite, isoascorbic acid, 
sodium hydrosulphite, 2-hydroxy-2-sulfmatoacetic acid, 2-hydroxysulfonatoacectic 
acid, and the like. 

[0064] The free-radical initiators which are typically used in the various steps of 
the process are those conventionally utilized in free-radical redox polymerizations 
conducted in the temperature range from 10°C to 100°C, preferably from 20°C to 
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95°C, and more preferably from 55°C and 90°C. Temperatures higher than 100°C are 
possible using equipment that is designed for elevated pressures. In some 
embodiments involving redox initiation, initiation temperatures are preferably kept 
below 85°C, more preferably below 55°C for redox initiation. In other embodiments 
involving thermal initiation with persulfate salts, temperatures in the range S0°C to 
90°C are used. 

[0065] In certain embodiments, the present invention may use a redox process to 
initiate the modification of the clay surface and to aid in the polymerization of the 
monomer between the layers of the clay. A relatively large percentage of the weight of 
clay, typically 2 % by weight or greater, comprises redox-active multivalent metal ions 
such as iron, copper, manganese, and the like, that are present within the galleries 
and/or the surface layers of the clay. These redox-active multivalent metal ions, 
inherent within the clay or added to the system, may be used to accelerate radical 
generation from redox-active initiator components. In the redox process, a clay 
containing metal ions such as Fe 11 or Fe m may be reacted in the presence of either an 
oxidant or a reductant, respectively, to form radicals. Redox-derived radicals will be 
formed in the spaces between the clay layers or at the clay surface and foster 
intercalation and/or exfoliation of the clay. Further, redox processes may generate 
polymer clay nanocomposites that exhibit higher degrees of film clarity than without 
redox. 

[0066] In the redox process wherein a clay with Fe" is reacted in the presence of 
an oxidant, a chemical reductant is added to an aqueous reaction mixture containing 
clay in its natural Fe m form and, optionally, a surfactant. Preferably, the amount of 
reductant added is in a sufficient quantity to reduce every mole of iron contained 
within the clay. Confirmation of the reduction of the clay from its Fe II! to Fe" form 
may be made by observing a color change of the aqueous reaction mixture. The 
aqueous reaction mixture may become gray/green in appearance. Once the iron has 
been reduced, a chemical oxidant is added to the aqueous reaction mixture along with 
one or more monomers. The interaction of Fe 11 with the oxidants causes an 
electrochemical reaction which results in the transfer of electrons from the iron 
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associated with the clay to the oxidant. Reduction of the oxidant causes the oxidant ,o 
spli, into an anion and a redox derived radical which can then initiate polymer chams 
either a. the surface of the clay or in the gallery space between clay layers. In tins 
manner, the redox initiation system can be helpful in the intercalation and/or 
exfoliation of a polymer/clay nanocomposite. This redox process may be used to 
initiate the polymerization and/or sustain the polymerization throughout the entire 
nanocomposite formation. In addition, the redox process may be used to alter the CEC 
value of the clay. 

,00671 In an alternative embodiment, a Fe"' form clay is reacted in the presence of 
a reductan. and a monomer emulsion seed is added io an aqueous reaction mixture 
containing day in its natural Fe'" form. The reductan, interacts with the Fe groups 
of the clay and is oxidized which can cause radical formation and subsequent polymer 
chain urination a, or near the surface of tire clay. Once the seed formation is complete, 
the nanocomposite latex is formed according to the standard methods disclosed heren, 
This redox process may also be used to initiate the polymerization and/or sustam the 
polymerization throughout the entire nanocomposite formation. In addition, the redox 
process may be used to alter the CEC value of the clay. 

,0068] In certain embodiments whereto the redox system is the sole source of 
radicals, polymer chain growth may continue to be confined to regions near tire clay 
surface to the extent rha, the iron is confined either to the clay plates or to Ore 
exchange spaces on the surface of the day. The use of areductan. (such as sodntm 
sulfoxylate formaldehyde, isoascorbic acid, and the like) and oxidant (such as 
ammonium persulfate, hydrogen peroxide, , ert -butyl hydroperoxide, and the hke) 
a,ong with redox-active multivalent metal ions found in the clay or added separately ,s 
also a useful method for preparing the polymer/clay nanocomposi.es of the present 
invention. 

[0069] In one embodiment of the present invention, the monomers may be added 
batch-wise (-shot-) or fed continuously over time into the reactor. Continuous fecdtng 
by gradual addition of the aqueous reaction mixtures into the reactor over times ftom 
0.5 to 18 hours, preferably from 1 «o 12 hours, and even more preferably from 2 to 6 
hours, is useful for controlling reaction temperature. 
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10070] Buffers may also be present m the reaction mixture during an emulsion 
polymerization. Buffers are generally the salts of weak acids such as, but not limited 
to, sodium bicarbonate, sodium carbonate or sodium acetate. The amount of buffer 
that may be present, if added, in the reaction mixture may range from 0.01 to 5 weight 
percent based upon the total monomer utilized in the polymerization. Generally lower 
levels of a strong base, such as ammonia or sodium hydroxide, can also be used to 
control the pH of the polymerization. These agents may be added at any time either 
before, during, or after the polymerization step. Buffers may be further used to control 
hydrolysis of certain monomers, influence the extent of premature crosslinking during 
polymerization (as in the case when N-methylolacrylamide monomer is employed), 
influence the rate of decomposition of initiators, and/or affect the extent of dissociation 
of carboxylate acid monomers and surfactants to control colloidal stability. 
[00711 Optionally, at least one chain transfer agent may be incorporated during 
polymerization to control the molecular weight of the polymer. Examples of chain 
transfer agents include, but are not limited to, mercaptans, polymercaptans, and 
polyhalogen compounds. Further, non-limiting examples of chain transfer agents 
include alkyl mercaptans such as ethyl mercaptan, n-propyl mercaptan, n-butyl 
mercaptan, isobutyl mercaptan, t-butyl mercaptan, n-amyl mercaptan, isoamyl 
mercaptan, t-amyl mercaptan, n-hexyl mercaptan, cyclohexyl mercaptan, n-octyl 
mercaptan, n-decyl mercaptan, n-dodecyl mercaptan; mercapto carboxylic acids and 
their esters, such as methyl mercaptopropionate and 3-mercaptopropionic acid; 
alcohols such as isopropanol, isobutanol, lauryl alcohol and t-octyl alcohol; and 
halogenated compounds such as carbon tetrachloride, tetrachloroethylene, and 
tricholoro-bromoethane. Generally from 0 to 10% by weight, based on the weight of 
the monomer mixture, can be used. The polymer molecular weight may also be 
controlled by other techniques, such as selecting the ratio of initiator to monomer. 
[0072] A stabilizing surfactant may be added to one or both of the reaction 
mixtures to discourage the aggregation of polymeric latex particles. In general, the 
growing latex particles are stabilized during emulsion polymerization by one or more 
surfactants such as an anionic or nonionic surfactant, or a mixture thereof. Examples 
of surfactants suitable for emulsion polymerization are provided in McCutcheon's 
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Detergents and Emulsifiers (MC Publishing C6., Glen Rock, N.J.), published annually. 
Other stabilizing agents, such as protective colloids, may be used. 
100731 The first mixture of monomers may be polymerized in the presence of a 
pre-formed polymer dispersion ("seed" latex), for controlling the desired particle size. 
Seeds are also typically used for controlling the structure and/or morphology of the 
resulting polymer. The "seed" latex may comprise small particles, having a mean 
diameter less than 200 nm, preferably less than 100 nm, and even more preferably less 
than 65 nm. Typical seed latex particles may have a composition similar to, or 
different than, the composition of the monomers used in preparing the first stage of the 
multistage nanocomposite or the first stage of a seeded single stage nanocomposite 
polymer. The pre-formed polymer dispersion may include polymer particles of a 
rubbery material, and may be similar or different in composition to the core polymer. 
The term "rubbery", as used herein, denotes the thermodynamic state of a polymer 
above its glass transition temperature. Alternatively, the seeds may include hard non- 
rubbery polymer particles! {e.g., polystyrene or polymethyl methacrylate), which may 
be used for adjusting refractive index, as taught in Myers et alJ, U. S. Pat. No. 
3,971,835. 

10074] The present invention also encompasses nanocomposite polymer particles 
that are formed in prior polymerization or additional polymerization stages. These 
stages may occur before, during, or after the formation of the stage containing the clay. 
100751 Another process of the present invention involves the gradual addition and 
polymerization of an aqueous dispersion containing at least one ethylenically 
unsaturated monomer and layered clay that has been modified by the addition of a 
second cation to one or more emulsion polymer seeds. In this process, the emulsion 
polymer seeds preferably have a particle diameter of 20 to 500 nm, more preferably 30 
to 400 nm, and even more preferably 40 to 300 nm. The emulsion polymer seeds are 
from 0.1 to 10%, preferably 0.5% to 8%, even more preferably 1% to 5% based on dry 
weight of the total polymer weight in said nanocomposite dispersion. While polymer 
seeds may not typically contain clay, this embodiment further envisions that the 
polymer seeds may contain up to 20% clay, preferably up to 10% clay, and more 
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preferably up to 5% clay based on dry weight of the total polymer weigM in said 
nanocomposite dispersion. 

[0076] The aqueous dispersion in this process contains 80 to 99.95%, preferably 
85 to 99.9%, and even more preferably from 90 to 99.9% based on dry weight of the 
total dry polymer weight in the nanocomposite dispersion of at least one ethylenically 
unsaturated monomer, and 0.05% to 20%, preferably from 0.1% to 15%, and even 
more preferably from 0.1% to 1 0%, based on dry weight of total dry polymer weight in 
said nanocomposite of a layered clay. 

[0077] After polymerization of each stage it is desirable that at least 95%, 
preferably at least 97%, and even more preferably at least 99% based on weight of the 
monomer is polymerized in a reactor before a subsequent polymerization stage is 
begun. 

[0078] The emulsion polymer seeds may be formed in the same reactor vessel 
where the monomers are polymerized and/or prepared in a separate reactor vessel and 
subsequently introduced to the reactor vessel where the monomers are polymerized. In 
certain embodiments, the polymer seeds of the aqueous emulsion are formed in the 
same reaction vessel in which the monomer is polymerized. In these embodiments, the 
aqueous clay dispersion may comprise up to 200 weight percent based on dry weight 
of a layered clay. The lower percentage solids within the reactor vessel allows one to 
add higher clay levels while maintaining a usable viscosity. In an alternative 
embodiment, the pQlymer seeds may contain an at least partially exfoliated layered 
clay. In this embodiment, the amount of clay is in the range of from 0.05% to 20%, 
preferably froi^i 0.1% to 15%, and even more preferably from 0.1% to 10% based on 
dry weight of total dry polymer weight in the polymer seeds. 

[0079] Another process of the present invention involves preparing an aqueous 
nanocomposite dispersion by admixing an aqueous emulsion polymer and 0.1 to 10%, 
based on dry weight of said emulsion polymer of a layered clay that has been modified 
by the addition of a second cation. In this process the aqueous emulsion polymer is 
preferably prepared according to any of the various known methods of preparing 
emulsion polymers according to the art of emulsion polymerization. In one 
embodiment of this process it is preferable that the nanocomposite dispersions are 
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prepared using gradual addition "grad-add" processes. In this embodiment it is also 
preferable that the nanocomposite polymers are prepared by multi-stage 
polymerizations, such as core-shell polymer particles having a rubber core and a hard 
shell. 

[0080] The admixing step of the modified layered clay in this embodiment is 
preferably completed without the need for a clay surfactant. In another embodiment, 
the clay to which the second cation is added, is predispersed in water and admixed 
with the aqueous emulsion polymer. Any mechanical mixing device may be suitable 
as long as the clay particles are at least partially exfoliated. More preferably, the clay 
particles are mixed to uniformly disperse the clay within the nanocomposite 
dispersion. For example, a COWLES™ mechanical mixer may be used to prepare 
modified aqueous clay dispersions containing up to 20% clay, however it is more 
preferable to use a mechanical homogenizer to prepare aqueous clay dispersions 
containing from 0.1 to 10% clay. 

100811 The aqueous nanocomposite clay-polymer dispersions of the present 
invention may also be prepared utilizing inverse emulsion polymerization. The 
processes described in, for example, U. S. Pat. Nos. 3,284,393, 3,826,771, 4,745,154, 
and accompanying references therein, can be utilized incorporating clay and the 
second cation into the aqueous phase of these polymerizations when used to make an 
acid containing polymer (high or low levels of acid). Inverse emulsion polymerization 
methods may yield high molecular weight polymers or copolymers based on the water 
soluble monomers and mixtures comprised thereof. An aqueous solution of these 
monomers may be dispersed in an oil phase by means of a water in oil emulsifier and 
subsequently polymerized under free radical forming conditions. 
100821 The aqueous nanocomposite clay-polymer dispersions may be useful, for 
example, as coatings, sealants, caulks, adhesives, and as plastics additives. The 
coating compositions comprising aqueous nanocomposite clay-polymer dispersions 
may exhibit improved properties like block, print and dirt pick-up resistance, enhanced 
barrier properties, and enhanced flame retardence. Additionally, the coating 
compositions comprising the aqueous nanocomposites of the present invention may 
have the ability to utilize softer binders, without the need for additional coalescant 
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(solvents) for film formation, and still maintain sufficient hardness, toughness and 
lower tack in a dried film. Suitable applications for the coating compositions of the 
present invention may include architectural coatings (particularly low VOC 
applications for semi-gloss and gloss); factory applied coatings (metal and wood, 
thermoplastic and thermosetting); maintenance coatings (e.g., over metal); automotive 
coatings; concrete roof tile coatings; elastomeric roof coatings; elastomeric wall 
coatings; external insulating finishing systems; and inks. The aqueous nanocomposite 
dispersions of the present invention may be useful as additives, dispersants, alkali 
soluble resins, acid functional thickeners. It is further contemplated that the aqueous 
nanocomposite dispersions, when provided as an additive to a coating application, may 
impart hardness. A further application for the aqueous nanocomposite dispersion is for 
an opaque polymer and hollow sphere pigments. The inclusion of the aqueous 
nanocomposite dispersions may provide, for example, harder, more collapse resistant 
shells or may be suitable for the modification of fibers. Yet further non-limiting 
examples of applications for the aqueous clay-polymer nanocomposite dispersions: 
polish; binders (such as binders for nonwovens, paper coatings, pigment printing, or 
ink jet); adhesives (such as pressure sensitive adhesives, flocking adhesives, or other 
water based adhesives); plastics additives; ion exchange resins; hair fixatives; caulks; 
and sealants. The aqueous clay-polymer nanocomposite dispersion may impart 
strength and toughness to the aforementioned applications. 

[0083] In one embodiment of the present invention, the aqueous nanocomposite 
dispersions are capable of forming films upon drying (e.g., coatings and adhesives). In 
this embodiment, it is preferred that the polymers of the nanocomposites have a glass 
transition temperature in the range of from -80 °C to 50 °C. Glass transition 
temperatures may be calculated by using the Fox equation (see T.G. Fox, Bull. Am. 
Physics Soc, Vol. 1, Issue No. 3, page 123(1956)). 

[0084] An additional embodiment of the present invention contemplates preparing 
a coating composition containing an aqueous nanocomposite dispersion. The coating 
composition of this invention may include, for example, coating or paint compositions 
which may be described in the art as architectural coatings, maintenance coatings, 
factory- applied coatings, automotive coatings, elastomeric wall or roof coatings, 
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exterior insulating finishing system coatings, paper or paperboard coatings, overprint 
varnishes, fabric coatings and backcoatings, leather coatings, cementitious roof tile 
coatings, and traffic paints. Alternatively, the coating or paint compositions may be 
described as clear coatings, flat coatings, satin coatings, semi-gloss coatings, gloss 
coatings, primers, textured coatings, and the like. In these embodiments, it is preferred 
that the polymers of the nanocomposites have glass transition temperatures in that 
ranges from 0 °C to 70 °C. 

[0085] The coating composition of the present invention may further include 
pigments and/or fillers such as, for example, titanium dioxide, iron oxide, zinc oxide, 
magnesium silicate, calcium carbonate, organic and inorganic colored pigments, and 
clays other than layered clay. Such pigmented coating compositions typically contain 
from 3 to 70% pigment on a volume basis, or more preferably from 15 to 60% titanium 
dioxide on a volume basis. 

[00861 The coating composition may be prepared by techniques which are well 
known in the coatings art. First, optionally, at least one pigment is dispersed within an 
aqueous medium under high shear such as is afforded by a COWLES™ mixer or, 
alternatively at least one predispersed pigment may be used. Then, the aqueous 
nanocomposite dispersion may be added under low shear stirring along with other 
coatings adjuvants, as desired. Alternatively, the aqueous nanocomposite dispersion 
may be included in the optional pigment dispersion step. The coating composition 
may also contain conventional coatings adjuvants such as, for example, tackifiers, 
emulsifiers, coalescing agents, plasticizers, buffers, neutralizes, thickeners or 
rheology modifiers, humectants, crosslinking agents including heat-, moisture-, light-, 
and other chemical- or energy-curable agents, wetting agents, biocides, plasticizers, 
antifoaming agents, colorants, waxes, water repellants, slip or mar aids, anti-oxidants, 
and the like. The coating composition, in addition to the aqueous nanocomposite 
dispersion described herein, may also contain at least one additional polymer, 
preferably an additional emulsion polymer(s) selected from film-forming and non- 
film- forming emulsion polymers, including, but not limited to polymeric pigments, 
such as solid particles, particles having a single void, or multivoided particles. These 
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additional polymers, if added to the coating composition of the present invention, may 
be present at a level of 0-200%, based on dry weight of the total dry polymer weight in 
the nanocomposite dispersion. 

10087] The solids content of the coating composition may be from 10% to 70% by 
volume. The viscosity of the coating composition may be from 0.05 to 100 pascal- 
seconds (Pa.s), or 50 to 100,000 centipoise (cP), as measured using a Brookfield 
viscometer; the viscosities appropriate for different application methods vary 
considerably. 

l0 088] The coating composition may applied by conventional application methods 
such as, for example, brushing and spraying methods such as, for example, roll 
coating, doctor-blade application, printing methods, air-atomized spray, air-assisted 
spray, airless spray, high volume low pressure spray, air-assisted airless spray, air 
knife coating, trailing blade coating, curtain coating, and extrusion. 
10089] The coating composition may be applied to a substrate such as, for 
example, paper or paperboard; consolidated wood products; glass; plastic; wood; 
metal; primed or previously painted surfaces; weathered surfaces; asphaltic substrates; 
ceramics; leather; and hydraulic substrates such as cement in 'green' or cured form, 
concrete, gypsum, and stucco. The coating composition applied to the substrate is 
typically dried, or allowed to dry, at a temperature from 10°C to 95 °C. 
10090] In another embodiment of this invention, an adhesive composition 
containing an aqueous nanocomposite dispersion is provided. The various 
components, processes, and uses of the aforementioned coating compositions are 
preferably applicable to these nanocomposite-containing adhesive compositions. 
10091] In another embodiment of this invention, caulking and sealant compositions 
containing an aqueous nanocomposite dispersion are provided. The various 
components, processes, and uses of the aforementioned coating compositions are 
preferably applicable to these nanocomposite-containing caulking and sealant 
compositions. In addition, caulking and sealant compositions preferably have a paste- 
like or gel-like consistency and preferably have higher viscosities than do coatings. 
Accordingly, caulks and sealants can be prepared using the aqueous nanocomposite 
dispersions of the present invention according to the general formulations known in the 
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art of preparing caulks and sealants from emulsion polymers. In tins embodiment, 
caulks and sealants can be prepared by blending fillers with the aqueous 
nanocomposite dispersions according to methods known in the art. 
[0092] In some embodiments of this invention, the aqueous nanocomposite 
dispersions desirably form films upon drying, with or without the addition of 
plasticizers or coalescents (e.g., coatings and adhesives). In these embodiments, it is 
preferred that the polymers of the nanocomposites have glass transition temperatures 
in the range of from -80 °C to 1 00 °C. 

[0093] In another embodiment of this invention, an adhesive composition 
containing an aqueous nanocomposite dispersion is contemplated. The adhesive 
compositions may include, for example, those known in the art as pressure sensitive 
adhesives, laminating adhesives, packaging adhesives, hot melt adhesives, reactive 
adhesives, flocking adhesives, and flexible or rigid industrial adhesives. In these 
embodiments it is preferred that the polymers of the nanocomposites have glass 
transition temperatures in the range of from -SO °C to 80 °C. The adhesives are 
typically prepared by admixing optional pigment and the optional adjuvants listed 
herein above as coatings adjuvants. The adhesive compositions are typically applied to 
substrates including plastic substrates such as film, sheet, and reinforced plastic 
composites; metal foil; fabric; metal; glass; cementitious substrates; and wood or wood 
composites. Application to the substrates is typically effected on machine by transfer 
roll coater, e.g., or by manual application devices. 

[0094] In another embodiment of this invention, a caulk or sealant composition 
containing an aqueous nanocomposite dispersion is contemplated. In these 
embodiments it is preferred that the polymers of the nanocomposites have glass 
transition temperatures in the range of from -80 °C to 0 °C. The caulk or sealant 
compositions are typically prepared by admixing pigment and such optional adjuvants 
listed hereinabove as coatings adjuvants as are appropriate. The caulk and sealant 
compositions are typically prepared at high solids content level such as 70 wt.% and 
above in order to minimize shrinkage on drying and consequently, may have a gel-like 
or paste-like consistency. Caulk and sealant compositions are typically applied to fill 
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and/or seal junctions of substrates including metal; glass; cementitious substrates; 
wood or wood composites; and combinations thereof and are typically allowed to dry 
under ambient conditions. 

|0095] In another embodiment of this invention, an ink composition containing an 
aqueous nanocomposite dispersion is contemplated. The ink compositions may 
include, for example, those known in the art as flexographic inks, gravure inks, ink jet 
inks, and pigment printing pastes. In these embodiments it is preferred that the 
polymers of the nanocomposites have glass transition temperatures in the range of 
from -50 °C to 50 °C. The inks are typically prepared by admixing optional pigment, 
predispersed pigment, or dyes and the optional adjuvants listed herein above as 
coatings adjuvants. The ink compositions are typically applied to substrates including 
plastic substrates such as film, sheet, and reinforced plastic composites; paper or 
paperboard; metal foil; fabric; metal; glass; cloth; and wood or wood composites. 
Application to the substrates is typically effected on machine by flexographic blankets, 
gravure rolls, silk screens. 

[0096] In a further aspect of the present invention, a digital imaging composition 
incorporating an aqueous nanocomposite dispersion. and/or nanocomposite particles is 
contemplated. The term "digital imaging" as used herein generally relates to 
compositions that allow the reproduction of an image onto a substrate. Suitable 
applications for digital imaging compositions include toners for electrophotography 
such as xerography or compositions for ink jet printers or similar applications. The Tg 
and particle size for digital imaging compositions varies depending upon its method or 
system of use. \Generally, digital imaging compositions for ink jet applications may 
have a lower particle size and Tg compared to the particle size and Tg for digital 
imaging compositions for electrophotography applications. For example, typical Tg 
values for ink jet applications may range from 45°C to 60°C whereas Tg values for 
electrophotography applications may range from 55°C to 85°C. Further, non-limiting 
variables such as viscosity, surface tension, and pH of the digital imaging composition 
may also be adjusted based upon the end use of the composition. 



BNSDOCID: <WO n??47SGA? » > 



WO 02/24759 PCT/US0 1/28992 

37 

10097) In another embodiment of this invention, a nonwoven fabric binder 
containing an aqueous nanocomposite dispersion is contemplated. The nonwoven 
binder compositions may include, for example, those known in the art as binders for 
consumer and industrial nonwovens such as wipes and interlining, binders for 
insulating nonwovens such as fiberfill and fiberglass, and binders/strengthening agents 
for nonwovens and paper such as oil filter paper. In these embodiments it is preferred 
that the polymers of the nanocomposites have glass transition temperatures in the 
range of from -60 °C to 50 °C. The nonwoven fabric binders are typically prepared by 
admixing optional pigment, and the optional adjuvants listed herein above as coatings 
adjuvants, as appropriate. The nonwoven fabric binder compositions are typically 
applied to substrates including nonwovens formed from cellulosic fibers such as paper 
and rayon; synthetic fibers such as polyester, aramid, and nylon; glass fibers and 
mixtures thereof. Application to the substrates is typically effected on machine by 
saturation bath, roll coater, spray, or the like. 

[0098] In another embodiment of this invention, a polish containing an aqueous 
nanocomposite dispersion is contemplated. The polish compositions may include, for 
example, those known in the art as floor polishes, furniture polishes, and automobile 
polishes. In these embodiments it is preferred that the polymers of the 
nanocomposites have glass transition temperatures in the range of from 0°C to 50°C. 
The polishes are typically prepared by admixing optional pigment, and the optional 
adjuvants listed herein above as coatings adjuvants, as appropriate, particularly waxes. 
The polish compositions are typically applied to substrates including wood, vinyl or 
polyurethaiie flooring, ceramic tiles, painted metal, and the like. Application to the 
substrates is typically effected by spray, roller, mop, or the like. 
[0099] In another embodiment of this invention, a plastics additive containing an 
aqueous nanocomposite dispersion is contemplated. The plastics additive 
compositions may include, for example, those known in the art as processing aids and 
impact modifiers. In these embodiments it is preferred that the polymers of the 
nanocomposites have glass transition temperatures in the range of from -50°C to 50°C. 
The plastics additives are typically prepared by admixing optional pigment, and the 
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optional adjuvants listed herein above as coatings adjuvants, as appropriate, ana, 
typical!,, drying the eomposi.ion to a powdered form. The plastics addmves 
compositions are typical* mixed with the plastic such as, for example, polyvmyl 
chloride, polymethyl methacrylate and polypropylene, by milling or extruston. 
101001 in another aspect of the present invention the emulsion polymer of the 
nanocomposi.e may be prepared by a multistage emulsion polymerization process, m 
which a, leas, two stages differing in composition are polymerized in sequenbal 
fashion. Such a process usually results in the formation of a. leas, two mutually 
incompatible polymer compositions, thereby resulting in the formation of a, leas, two 
phases within the polymer particles. Such particles are composed of two or more 
phases of various geometries such as, for example, core/shell or core/sheath parttcles, 
core/shell particles with she!! phases incompletely encapsulating the core, core/she.! 
particles wift a multiplicity of cores, and inrcpenetra.mg network particles In all of 
these cases the majority of the surface area of the particle will be occupied by « leas, 
one outer phase and me imerior of ,he particle will be occupied by a, leas, one tnner 
phase. Each of the stages of ,he mul,i-s,aged emulsion polymer may contain me same 
monomers, surfaces, chain .ransfer agen,s, e,c. as disclosed herein-above for ,he 
emulsion polymer. In ,he case of a muUi-suged polymer particle me Tg for me 
purpose of mis invention is ,o be calcula,ed by me Fox equauon using me overall 
composition of the emulsion polymer wimou, regard for me number of stages or 
phases therein.. The polymerization techniques used ,o prepare such mumstage 
emulsion polymers are well known in ,he art such as, for example, U. S. Pat Nos. 
4,325,856; 4,654,397; and 4,814373. 

101 01] In Cher aspect of <he presen, invention the emulsion polymer of the 
nanocomposite may be prepared by an emulsion polymerization process wh.ch » 
executed in such a manner to produce a bimodal or tnutimoda, particle size dtstnbutton 
as is taugh, in U. S. Pa, Nos. 4,247,438; 4,657,966; and 5,498,655, a bimoda or 
mullimoda. molecular weigh, distribution as is ,augh, in U. S. Pat Nos. 4,501,84 -d 
5 990 228 , or non spherical particles such as, for example, rods as are taught m U S. 
Pa, No 5,369,163 and multilobal particles as are taught in U. S. Pat No. 4,791,151. 
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[0102] In another aspect of the present invention the emulsion polymer ot the 
nanocomposite may be prepared by a process which produces particles which when 
dry contain at least one void such as, for example, particles having a single void, 
multivoided particles, and particles having interpenetrating networks of void and 
polymer (polymer "sponge"). 

101031 In another aspect of the present invention the emulsion polymer of the 
nanocomposite may be prepared by a process which produces particles which may 
function in a manner instead of or in addition to providing binder functionality. 
Contemplated are emulsion polymers which function as pigment dispersants or 
thickeners/rhcology modifiers such as alkali-soluble, acid-soluble, and 
hydrophobically-modified emulsion polymers. 

10104] In certain aspects of the present invention, the aqueous nanocomposite 
dispersions may be used in polymer compositions incorporating high levels of add , 
functionality. These polymer compositions are useful as additives in water based 
systems as thickeners (see, for example, U.S. Pat. No. 4,421,902 and references 
therein), dispersants (see, for example, U.S. Pat. No, 5,326,843 and 3,037,952 and . 
references therein) and binders (see, for example, U.S. Pat. No, 5,326,843 and U.S. 
4 876 313 and references therein) as well as coatings, inks, adhesives and the like. 
When the nanocomposite compositions prepared in accordance with the method of the 
present invention are incorporated into high acid polymer compositions, the resultant 
polymer may increase in hardness. This imparts properties such as enhanced block 
resistance (i.e., the coating will not stick to itself or other items) when used in a paint 
composition. Ink binders, that are comprised entirely or partially of high acid 
polymers, will exhibit enhanced heat seal resistance (block resistance at elevated 
temperature) and toughness when the nanocomposite compositions are added to the 
binder composition. In yet another embodiment utilizing high acid polymers, the 
nanocomposite compositions of the present invention may be used as dry powder 
polymer cement modifiers (such as described in, for example, EP0654454 and 
references therein). 
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EXAMPLES 



Example 1 

(2% clay with Calcium / MAA / Na 2 C0 3 addition order - no homogenization) 
[01051 An aqueous nanocomposite, clay polymer dispersion was synthesized via 
the following method: an empty reactor kettle was charged with 612.00 g deionized 
("DI") water, 5.08 g polar surfactant (30% aqueous solution), and 20.40 g PGV 
montmorillonite clay (Na + form) ("PGV" is the trade name for a sodium 
montmorillonite clay sold by Nanocor, Arlington Heights, Illinois). The mixture was 
heated to S5°C and then a 1 .84 g quantity of Ca(OH) 2 in 5.00 g DI water was added. 
The kettle was charged with half of the acid containing monomer, or 7.55 g 
methacrylic acid, followed by 3.10 g of a buffer, sodium carbonate, whereupon 
foaming was observed. In a separate vessel, a monomer emulsion was formed 
containing 426.60 g water, 36.90 g polar surfactant (30% aqueous solution), 662.00 g 
Butyl Acrylate, 342.70 g Methyl Methacrylate, and 7.55 g methacrylic acid. A 55.80 g 
quantity of the monomer emulsion was added to the kettle to form a polymer seed. 
Then, 4.03 g ammonium persulfate (dissolved in 28 g water) was added to initiate 
polymerization. The monomer emulsion was fed into the kettle such that a reactor 
temperature of S5"C was maintained. After monomer feeds were completed, the batch 
was cooled to 65»C. Upon reaching 65°C, the kettle was charged with 5.58 g ferrous 
sulfate (0.15% aqueous). Then, a 1.12 g quantity of 70% tert-butyl hydroperoxide in 
20.00 g of water was added along with a 0.56 g quantity of isoascorbic acid in 20.00 g 
water. The temperature was reduced to below 45°C. The P H of the batch was raised to 
7.5 using ammonium hydroxide (28% aqueous) and a bactericide (4.77 g KATHON 
LX (1.4% aqueous), manufactured by with 6.20 g water) was added. The viscosity of 
the resultant aqueous nanocomposite dispersion was 174 centipoise. The viscosity of 
the aqueous nanocomposite dispersion is lower in comparison to aqueous 
nanocomposite dispersions that include the step of cation exchange or are not modified 
(see supra Example 8). The sample was filtered through a 100 mesh screen to remove 
any large pieces of coagulated material. 
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Example 2 

(2% clay with Calcium/ MM / Na 2 C0 3 addition order - with homogenization) 

101 06] An aqueous nanocomposite dispersion was prepared according to the 
polymerization method of Example 1 except that the kettle contents (clay, surfactant, 
water) were homogenized for 20 minutes using a PRO250 homogenizer (manufactured 
by Pro Scientific of Monroe, Connecticut). 

Example 3 

(2% clay with MAA / Calcium / Na 2 C0 3 addition order) 

10107] An aqueous nanocomposite dispersion was prepared according to the 

polymerization method of Example 1 except that half of the acid containing monomer, 
or 7.55 g of methacrylic acid, was charged prior to the addition of the 1.84 g quantity 
of Ca(OH) 2 in 5.00 g DI water. 

Example 4 

(2% clay with MAA / Calcium / Na 2 CG 3 addition order - with homogenization) 
[01081 An aqueous nanocomposite dispersion was prepared according to the 
polymerization method of Example 2 except that half of the acid containing monomer, 
or 7.55 g of methacrylic acid, was charged, prior to the addition of the 1.84 g quantity 
of Ca(OH) 2 in 5.00 g DI water. 

Example 5 

(2% clay with MAA - Na 2 C0 3 addition; Ca 2+ post-addition) 
10109] An aqueous nanocomposite dispersion was synthesized via the following 
method: an empty reactor kettle was charged with 612.00 g DI water, 5.08 g polar 
surfactant (30% aqueous solution), and 20.40 g montmorillonite clay (Na + form). The 
mixture was heated to 85»C. The kettle was then charged with 7.55 g of methacrylic 
acid which was followed by 3.10 g sodium carbonate (foaming was observed). In a 
separate vessel, a monomer emulsion was formed containing 426.60 g water, 36.90 g 
polar surfactant (30% aqueous solution), 662.00 g Butyl Acrylate, 342.70 g Methyl 
Methacrylate, and 7.55 g methacrylic acid. A 55.80 g quantity of the monomer 
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emulsion was added to the kettle to form a polymer seed. Then, 4.03 g ammonium 
persulfate (dissolved in 2S g water) was added to initiate polymerization. The 
monomer emulsion was fed into the kettle such that a reactor temperature of S5°C was 
maintained. After monomer feeds were completed, the batch was cooled to 65°C, and 
upon reaching 65°C 5.58 g ferrous sulfate (0.15% aqueous) was added to the reactor. 
Then, a 1.12 g quantity of 70% tert-butyl hydroperoxide in 20.00 g of water was added 
along with a 0.56 g quantity of isoascorbic acid in 20.00 g water. The temperature was 
reduced to below 45°C. The pH of the batch was raised to 7.5 using ammonium 
hydroxide (28% aqueous) and a bactericide (4.77 g Kathon LX (1.4% aqueous) with 
6.20 g water) was added. The sample was filtered through a 100 mesh screen to 
remove any large pieces of coagulated material. A 1.84 g quantity of Ca(OH)2 in 5.00 
g DI water was added slowly to the latex. 

Example 6 

(No clay with MAA - Na 2 C0 3 addition; Ca 2+ post-addition) 

[0110] A latex was prepared according to the polymerization method of Example 4 
except that no clay was included in the run. 

Example 7 

(No clay or Ca 2+ added) 

[01 1 1] A latex was prepared according the polymerization method of Example 5 
except that no calcium post-addition was included in the run. Further, the entire 
methacrylic ac^id charge was incorporated into the monomer emulsion. 

Example 8 

(2% PGV; no Ca 2+ added) 

[01 12] An aqueous nanocomposite dispersion was prepared according the 
polymerization method of Example 6 with the exception that 2% PGV clay (by weight 
based of monomer) was incorporated into the monomer emulsion and homogenized for 
20 minutes prior to the polymerization. The viscosity of the resultant aqueous 
nanocomposite dispersion was 480 centipoise. The viscosity of the aqueous 
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nanocomposite dispersion was higher in comparison to aqueous nanocomposite 
dispersions that include the step of cation exchange or are modified (see infra Example 

1). 

[0113] The nanocompos i t es or polymers of Examples 1 through S were made into 
sample films of unformulated coatings and tested for the tensile properties of 
maximum tensile strength and percentage elongation. The test date for each film were 
collected on a Tinius Olsen Benchtop Universal Testing Machine (manufactured by 
Tinius Olsen Testing Machine Company, Willow Grove, Pennsylvania). The sample 
films were pulled at a rate of 5.08 cm/min. The testing machine was calibrated for the 
film thickness, width, and weight of each sample film. The initial distance between 
the clamps holding each sample film was 2.54 cm. The testing was conducted in a 
controlled environment room at a temperature of 22°C and a humidity level of 50%. 
The tensile measurements for each film are provided in the following Table I. 



TABLE I: Tensile Properties Versus Method of Clay Addition 



Example 


Clay Level & Type 


Homogenization 


Calcium 


Tensile IMX (l V 
Elongation 


1 


2% PGV 


N 


Y 


416 psi/ 1045% 


2 


2% PGV 


Y 


Y 


413 psi/ 1059% 


3 


2% PGV 


Y 


Y 


253 psi/ 1110% 


4 


2% PGV 


N 


Y 


252 psi/ 1099% 


5 


2% PGV 


N 


Y 


128.5 psi / 
1294% 


6 


No clay 


N 


Y 


94,9 psi / 
1272% 


7 


No clay 


N 


N 


59 psi/ 1040% 


8 


2% PGV 


Y 


N 


81.5 psi/ 

1239% 
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(1) Tensile,^ values are +/- 3 psi. Samples are not averaged. 

10114] As the results in Table I illustrate, the addition of the second cation, or the 
multivalent ion slurry containing Ca 2+ , improved the overall tensile properties, and 
almost doubled the maximum tensile strength, of the composition regardless of 
whether the composition contained clay (compare Example 7 with Example 6). 
Similarly, the addition of the multivalent ion slurry containing Ca 2+ to a clay- 
containing composition, or nanocomposite dispersion, also greatly improved the 
overall tensile properties of the nanocomposite . (compare Example 8 with 3). In some 
embodiments of the present invention such as in Example 1, the maximum tensile 
strength of the nanocomposite is roughly 5.5 times that of the same polymer with no 
clay and no addition of the Ca 2+ slurry such as Example 7. 

[01 1 5] FIG. 1 provides a graphical representation of tensile strength (psi) vs. 
percentage of elongation for the various polymer or nanocomposite compositions of 
Table I. As FIG. 1 illustrates, the inclusion of both the clay and second cation in the 
form of a Ca 2+ slurry resulted in a much higher modulus material than polymers 
lacking one or both of these constituents as evidenced by the higher initial slope of the 
strength/elongation curve. 

Example 9 

[01 16] An emulsion based polymer composition and two nanocomposite 
compositions comprising the same polymer and Na 2+ cloisite clay were prepared in 
accordance wn;h the methods of the present invention. "Sodium cloisite" is the trade 
name for a sodium montmorillonite clay available from Southern Clay Products, of 
Gonzales, Texas. FIG. 2 provides a graphical representation of tensile strength (psi) 
vs. percentage of elongation for these compositions. The nanocomposite compositions 
depicted in FIG. 2 varied in the order of adding the polymerizable polar monomer or 
acid. In FIG. 2, the nanocomposite represented by the circle and the polymer 
represented by a square reflected a standard acid addition, i.e., all of the polymerizable 
acid is added to the monomer emulsion. By contrast, the nanocomposite represented 
by the triangle represented a staged acid approach in which half of the acid is added to 
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the clay dispersion and half of the acid is added to the monomer emulsron. As F1U. 2 
illustrates, the nanocomposite in which the acid was staged had a much higher 
modulus than the polymer or nanocomposite which followed the standard acid add-on 
approach. 

Example 10 - Magnesium Example (2% clay with Magnesium / MAA / Na2C03 
addition order - no homogenization) 

101171 An aqueous nanocomposite dispersion was synthesized via the following 
method: an empty reactor kettle was charged with 612.00 g DI water, 5.08 g polar 
surfactant (30% aqueous solution), and 20.40 g montmorillonite clay (Na + form). The 
mixture was heated to 85°C and then a 1 .45 g quantity of Mg(OH) 2 in 5.00 g DI water 
was added: The kettle was then charged with 7.55 g of methacrylic acid winch was 
followed hy 3.10 g sodium carbonate (foaming was observed). In a separate vessel, a 
monomer emulsion was formed containing 426.60 g water, 36.90 g anionic surfactant 
(30% aqueous solution), 662.00 g Butyl Acrylate, 342.70 g Methyl Methacrylate, and 
7.55 g methacrylic acid. A 55.80 g quantity of the monomer emulsion was added to . 
the kettle to form a polymer seed. Then, 4.03 g ammonium persulfate (dissolved » 28 
g water) was added to initiate polymerization. The monomer emulsion was fed mto 
the kettle such that a reactor temperature of 85°C was maintained. After monomer 
feeds were completed, the batch was cooled to 65°C, and upon reacmng 65»C, 5.58 g 
ferrous sulfate (0.15% aqueous) was added to the reactor. Then, a 1.12 g ouanttty of 
70% tert-butyl hydroperoxide in 20.00 g of water was added along with a 0.56 g 
quantity of isoascorbic acid in 20.00 g water. The temperature was reduced to below 
45-C. The P H of the batch was raised to 7.5 using ammonium hydroxide (28% 
aqueous) and a bactericide (4.77 g Kathon LX (1.4% aqueous) with 6.20 g water) was 
added. The sample was filtered through a 100 mesh screen to remove any large meces 
of coagulated material. 



Example 11 

(5% clay with Calcium/ MAA / Na 2 C0 3 addition order) 
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[01 18] An aqueous nanocomposite dispersion was prepared according to the 
polymerization method of Example 1 except that the 5% PGV clay was used. The 
nanocomposites or polymers of Example 1 1 was made into a sample film of an 
unformulated coating and tested for the tensile properties of maximum tensile strength 
in accordance with the methods used in Table I and FIG. 1. The resultant tensile 
strength was 506 psi. The viscosity of the aqueous nanocomposite dispersion was 294 
centipoise. The viscosity of the aqueous nanocomposite dispersion was lower in 
comparison to aqueous nanocomposite dispersions that do include the step of cation 
exchange or are not modified (see supra Example 12). 

Example 12 

(5% PGV; no Ca 2+ added) 

101 1 9] An aqueous nanocomposite dispersion was prepared according to the 
polymerization method of Example 8 except that the 5% PGV clay was used. The 
nanocomposites or polymers of Example 12 was made into a sample film of an 
unformulated coating and tested for the tensile properties of maximum tensile strength 
in accordance with the methods used in Table I and FIG. 1. The resultant tensile 
strength was 108.7 psi. The viscosity of the aqueous nanocomposite dispersion was 
2300 centipoise. The viscosity of the aqueous nanocomposite dispersion was higher in 
comparison to aqueous nanocomposite dispersions that include the step of cation 
exchange or are modified (see infra Example 11). 

Reference Example 13 

[01 20] A latex was synthesized via the following method: To an empty reactor 
kettle was added 436.00 g DI water, 5.08 g anionic surfactant (30% aqueous solution), 
and 3.10 g sodium carbonate. A monomer emulsion was formed containing 626.60 g 
water, 36.90 g anionic surfactant (30% aqueous solution), 654.67 g Butyl Acrylate, 
350.00 g Methyl Methacrylate, and 15.10 g methacrylic acid. The kettle contents were 
heated to 85 °C. A 55.80 g quantity of the monomer emulsion was added to the kettle 
to form a polymer seed. Then, 4.03 g ammonium persulfate (dissolved in 28 g water) 
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was 



added to initiate polymerization. The monomer emulsion was fed into the kettle 
such that a reactor temperature of 85 °C was maintained. After monomer feeds were 
completed, the batch was cooled to 65°C, and upon reaching 65° C 5.58 g ferrous 
sulfate (0.15% aqueous) was added to the reactor. Then, a 1.12 g quantity of 70% tert- 
butyl hydroperoxide in 20 g of water was added along with a 0.56 g quantity of 
isoascorbic acid in 20.00 g water. The temperature was reduced to below 45 °C. The 
P H of the batch was raised to 7.5 using ammonium hydroxide (28% aqueous) and a 
bactericide (4.77 g Kathon LX (1.4% aqueous) with 6.20 g water) was added. The 
sample was filtered through a 100 mesh screen to remove any large pieces of 
coagulated material. 

Example 14 (2% clay with Calcium/ MAA / Na 2 C0 3 / Na 2 S 2 0 4 addition order) 
101211 An aqueous nanocomposite dispersion was prepared according to the 
polymerization method of Example 1 1 except that a sufficient quantity of the reductant 
sodium hydrosulfite was added, in an aqueous solution, to the reactor to reduce all of 
the iron within the clay sample kettle to the Fe" form. The contents of the reactor were 
stirred for 10 minutes after the addition of the reductant solution; a color change to 
green/gray was observed which was indicative of iron reduction. The resulting 
nanocomposite was made into sample film of an unformulated coating and tested for 
the tensile properties of maximum tensile strength in accordance with the methods 
used in Table I and FIG. 1 . The resultant tensile strength was 44.0 psi. The viscosity 
of the aqueous nanocomposite dispersion was 428 centipoise. The viscosity of the 
aqueous nanocomposite dispersion was lower in comparison to aqueous 
nanocomposite dispersions that include the step of cation exchange or are not modified 
(see supra Example 12). 

Example 15 (5% clay with Calcium/ MAA / Na 2 C0 3 / Na 2 S 2 0 4 addition order) 
[0122] An aqueous nanocomposite, clay polymer dispersion is synthesized via the 
following method: an empty reactor kettle is charged with 612.00 g deionized ("DI") 
water, 5.08 g polar surfactant (30% aqueous solution), and 20.40 g PGV sodium 
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montmorillonite clay (Na + form). The mixture is heated to 85 °C and then a 1.84 g 
quantity of Ca(OH) 2 in 5.00 g Dl water is added. The kettle is charged with half of the 
acid containing monomer, or 7.55 g methacrylic acid, followed by 3.10 g of a buffer, 
sodium carbonate, whereupon foaming is observed. In a separate vessel, a monomer 
emulsion is formed containing 426.60 g water, 36.90 g polar surfactant (30% aqueous 
solution), 662.00 g Butyl Acrylate, 342.70 g Methyl Methacrylate, and 7.55 g 
methacrylic acid. A 55.S0 g quantity of the monomer emulsion is added to the kettle 
to form a polymer seed. Then, 4.03 g ammonium persulfate (dissolved in 28 g water) 
is added to initiate polymerization. Through three spatially separated inlets, the 
monomer emulsion is fed into the kettle along with an aqueous solution of 2.0 g of 
70% rert-butyl hydroperoxide in 40 g of water and 2 g of isoascorbic acid in 40 g of 
water such that a reactor temperature of 65 • C was maintained. After monomer feeds 
are completed, 5.58 g ferrous sulfate (0.15% aqueous) is added to the reactor. Then, a 
1 12 g quantity of 70% ,«*-butyl hydroperoxide in 20.00 g of water is added along 
with a 0.56 g quantity of isoascorbic acid in 20.00 g water. The temperature is reduced 
to below 45 • C. The pH of the batch is raised to 7.5 using ammonium hydroxide (28% 
aqueous) and a bactericide (4.77 g KATHON LX (1.4% aqueous), manufactured by 
with 6.20 g water) is added. 



\ 
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We claim: 

1 . A process for preparing an aqueous nanocomposite dispersion, 

wherein the process comprises: 

providing at least one first ethylenically unsaturated monomer; 
providing an aqueous clay dispersion comprising an at least partially 
exfoliated clay and, optionally, at least one second ethylenically unsaturated monomer, 
wherein said clay has a first exchangeable cation; 

adding a second cation to said aqueous clay dispersion, wherein at least a 
portion of the second cation exchanges with at least a portion of the first cation to form a 

modified aqueous clay dispersion; 

combining the first ethylenically unsaturated monomer and the modified 

aqueous clay dispersion; and 

polymerizing at least a portion of said first or second monomer to form sani 
aqueous nanocomposite dispersion wherein at least one of the first or the second 
ethylenically unsaturated monomer comprises a polar monomer. 

2. The process of claim 1 wherein either the first or the second at least 
one ethylenically unsaturated monomer is polymerized prior to the adding step. 

3. The process of claim 1 wherein either the first or the second 
ethylenically unsaturated monomer is polymerized after the adding step. 

4. The process of claim 1 wherein said polar monomer comprises an 
acid containing monomer. 

5 The process of claim 4 wherein 50% by weight or less of the acid 
containing monomer is present within the aqueous clay dispersion and the remainder of 
the acid containing monomer is present in either the first aqueous reaction rmxture or the 
second emulsified monomer mixture. 
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6. The process of claim 5 wherein 25% by weight or less of the acid 
containing monomer is present within the aqueous clay dispersion and the remainder of 
the acid containing monomer is present in either the first aqueous reaction mixture or the 
second emulsified monomer mixture. 

7. The process of claim 4 wherein said acid containing monomer is 
selected from the group consisting of methacrylic anhydride, maleic anhydride, itaconic 
anhydride, acrylic acid, methacrylic acid, itaconic acid, maleic acid, fumaric acid, 
acryloxypropionic acid, (meth)acryloxypropionic acid, styrene sulfonic acid, 
ethylmethacrylate-2-sulphonic acid, 2-acrylamido-2-methylpropane sulphonic acid; 
phosphoethylmethacrylate; the corresponding salts of the acid containing monomer, and 
combinations thereof. 

8. The process of claim 1 wherein said polar monomer comprises a 
polar oligomer. 

9. The process of claim 1 wherein said polar monomer comprises a 
low molecular weight, polymeric stabilizer. 

10. The process of claim 1 wherein the aqueous clay dispersion has a 
clay concentration in the range of from 0.1 to 20 weight percent, based on the weight of 
the monomer within the nanocomposite dispersion. 

\ 

1 1 The process of claim 1 wherein the clay is selected from the group 
consisting of smectite, phyllosilicate, montmorillonite, saponite, beidellite, montronite, 
hectorite, stevensite, vermiculite, kaolinite, hallosite, synthetic phyllosilicates, and 
combinations thereof. 

12. The process of claim 1 wherein the second cation comprises a 
multivalent cation. 
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13. The process of claim 12 wherein the second cation comprises at 
least one divalent or trivalent cation. 

1 4. The process of claim 1 wherein at least a portion of the first 
exchangeable cation are monovalent cations. 

1 5 . The process of claim 1 wherein at least a portion of the first 
exchangeable cation are sodium or potassium cations. 

1 6. The process of claim 1 wherein the clay is at least partially 
hydrophobically modified by a surfactant. 

17. The process of claim 16 wherein at least a portion of the first cation 
are surfactant cations. 

18. The process of claim 1 wherein the polymer in the aqueous clay 
polymer nanocomposite dispersion is water insoluble. 

19. The process of claim 1 wherein said polymerization comprises 
emulsion polymerization. 

20. The process of claim 1 wherein said polymerization comprises 
solution polymerization. 

21 . The process of claim 1 wherein said polymerization comprises 
suspension polymerization. 

22. The process of claim 1 wherein said polymerization comprises 
mini-emulsion polymerization. 
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23. The process of claim 1 , wherein the clay dispersion comprises a 
redox-active multivalent metal ion. 

24. The process of claim 23, wherein an oxidant is added to the clay 

dispersion. 

25. The process of claim 23, wherein a reductant is added to the clay 

dispersion. 

26. The process of claim 23, wherein an oxidant and a reductant is 
added to the clay dispersion. 



WO 02/24759 PCT7US0 1/28992 

1/2 



m a* 

I 

C 

o 



\ 




CO 



CM 



(isd) q)6uans susuai 



BNSDOCID:<WO 0224759A2 1 > 



WO 02/24759 



2/2 



PCT/US01/28992 




BNSDOCID- <WO 



( ,2, INTERNATIONAL AlTI,ICATION PUBLISHED UNDKIt THE PATENT COOPERATION TREATY (PCT> 



(19) World Intellectual Property Organ izsi lion 
Internaiional Bureau 

(43) International Publication Date 
28 March 2002 (28.03.2002) 




PCT 



(10) International Publication Number 

WO 02/024759 A3 



(51) International Patent Classification 7 : 
C03K 9/04 



C08F 2/44, 



(21) International Application Number: PCT/US0 1/28992 

(22) International Filing Date: 

17 September 2001 ( 17.09.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

60/234.263 
60/257.041 



2 1 September 2000 (21 .09.2000) 
21 December 2000 (21. 12.2000) 



US 
US 



(71) Applicant: ROHM AND HAAS COMPANY 
[US/US]; 100 Independence Mall West, Philadelphia, 
PA 19106-2399 (US). 

(72) Inventors: LORA11, Dennis, Paul; 1692 Hecbner Way. 
Lansdale. PA 19446 (US). SLONE, Robert, Victor; 1605 
Sleepy Hollow Road, Quakcrtown, PA 18951 (US). 

! (74) Agents: CHOI, Wendy, A. et aL; Rohm and Haas 
| Company, 1 00 Independence Mall West, Philadelphia, PA 
I 19106-2399 (US). 



(81 ) Designated States (national): AE. AG, AL, AM. AT. AU, 
AZ. BA, BB. BG. BR. BY. BZ. CA. CH, CN. CO, CR. CU, 
CZ, DE, DK. DM, DZ, EC. EE. ES, Fl, GB. GD, GE, GH. 
CM. HR, HU. ID, IL. IN. IS. JP, KE. KG. KP. KR. KZ. LC, 
LK LR LS LT, LU. LV. MA. MD, MG. MK. MN. MW, 
MX. MZ. NO. NZ PH. PL. PT. RO. RU, SD. SE. SG, SI, 
SK, SL, TJ. TM.TR.TT.TZ UA, UG. UZ, VN, YU. ZA. 
ZW. 

(84) Designated States ovgionahz AR1PO patent (GH, GM, 
KE. LS. MW, MZ, SD, SL, SZ, TZ. UG, ZW). Eurasian 
paient (AM, AZ. BY, KG, KZ. MD. RU.TJ.TM), European 
patent (AT, BE, CH. CY, DE, DK. ES. Fl, FR, GB, GR, IE, 
IT. LU. MC, NL, PT, SE. TR). OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA. GN, GQ. GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to he republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

4 July 2002 

For nvo-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



< 



£ (54) Title: IMPROVED NANOCOMPOSITE COMPOSITIONS AND METHODS FOR MAKING AND USING SAME 

S (57) t* _ — * *— ■ *~zttX5ttSl£2S£2Z £3 

g same. In one embodiment, there is provided a comprises, prov ding ^^^J^^ firsl ex y change abie cation and. optionally, 
5 an aqueous clay dispersion comprising an at least partially exfoliated ^^^^^^ Aspersion, wherein at least a 
ganeaston^ 

° portion of the second canon exchanges with at least a portion oi me nrs . DoJvmer j zin g al least a portion of the first 

O Ihe first ethylenically unsaturated monomer and the ^^^J^Z oT hS S Lond monomers comprises 
or second monomer to form the aqueous nanocomposite dispersion wherein at leat one oi me nrs 

a polar monomer. 



BNSDOCID <WO 02247 59A3 1 > 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C08F2/44 C08K9/04 



mt«r. jnaJ Application Ho 

PCT/US 01/28992 



According to International Patent Classification (IPC) or to both national clas sification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (dassitication system followed by classification symbols) 

IPC 7 C08F C08K 



Documentation searched other than minimum 



documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical search terms used) 

EPO-Internal, COMPENDEX, CHEM ABS Data, PAJ, WPI Data 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



HUANG X ET AL: "SYNTHESIS OF A 
PMMA-LAYERED SILICATE NAN0C0MP0SITE BY 
SUSPENSION POLYMERIZATION" . POLYMER 
PREPRINTS, AMERICAN CHEMICAL SOCIETY, US, 
VOL. 41, NR. 1, PAGE(S) 521-522 
XP008001231 
ISSN: 0032-3934 
column 1, Une 9 - line 33 



1-26 



US 5 883 173 A (ELSPASS CHESTER W 
16 March 1999 (1999-03-16) 
cited 1n the application 

examples 

claims 



ET AL) 



1-26 



-/- 



Further documents are listed in the continuation of box C. 



id 



Patent family members are listed in annex 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
•E" eartier document but published on or after the international 
(fling date 

*L* document which may throw doubts on priority ciaimis) or 
which is ciled to establish the publication date of another 
citation or other special reason (as specified) 

•C document referring to an oral disclosure, use. exhibition or 
other means 

'P* document published prior to the international filing date but 
later than the priority date claimed 



•r later document published after the international I Wing dale 
or priority date and not in conflict with the appbcatKm but 
cited to understand the principle or theory underlying the 
invention 

'X- document of particular relevance: the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

•V document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step ^when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Dale ot the actual completion of the international search 



17 April 2002 



, Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patenttaan 2 
ML - 22£0 HV Ri;sw!ik 
Tet <*31-70) 340-2040. Tx. 31 651 epo rd. 
Fax (+31-70) 340-3016 



Date of mailing of the international search report 



03/05/2002 



Authorized officer 



Pollio, M 



Fonn PC T /ISA/210 (second efteel) (July ID92) 
BNSDOCID <WO 0224759A3 I > 



page 1 of 2 



5 



INTERNATIONAL SEARCH REPORT 


Intan mil Application No 

PCT/US 01/28992 


C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citaton o! oocumenl. v<mt> imseaiion.where appropriate, ot trie relevani passagas 


Relevant to etwrn No. 


v 

A 


HANLEY H J M ET AL: "Clay platelet 
dispersion 1n a polymer matrix" , 
MATERIALS LETTERS, NORTH HOLLAND 
PUBLISHING COMPANY. AMSTERDAM, NL, VOL. 
28, NR. 4, PAGE(S) 379-384 XP004031141 
ISSN: 0167-577X 
the whole document 




1-26 


X 


IIC A Oin *7 *3 A A f V h\ 1 A CI (MT MftCAVfl FT Al ^ 

U5 4 olO 734 A (KAWAbUril MAoAYA tl ml; 
7 March 1989 (1989-03-07) 
example 3 




1 


X 

• 


KIM J W ET AL: SYNTHESIS AND 
ELECTROHEOLOGICAL CHARACTERIZATION OF 
EMULSION POLYMERIZED SAN-CLAY 
NANOCOMPOSITE SUSPENSIONS" , 
MACROMOLECULAR SYMPOSIA, WILEY VCH, 
WEINHEIM, DE, NR. 155, PAGE(S) 229-237 
XP000991968 
ISSN: 1022-1360 
page 2. line 10-18 




1,19 


A 


W0 99 07790 A (TN0 ; FISCHER HARTMUT RUDOLF 
(NL)) 18 February 1999 (1999-02^-18) 
the whole document 




1-26 


A 


US 5 998 528 A (BEALL GARY U ET AL) 
7 December 1999 (1999-12-07) 
the whole document 




1-26 


A 


DONG CH00 LEE, LEE W00K JANG: 
"Preparation and charachterlatlon of PMMA 
- Clay hybrid Composite by Emulsion 
polymerization" 

JOURNAL OF APPLIED POLYMER SCIENCE , 

vol. 61, 1996, pages 1117-1122, 

XP002193909 

the whole document 


■ 


1-26 



Porm PCT/1SA/210 (ccntmualaan o) second cheel) (Jury 1092) 



page 2 of 2 

BNSDOCID: <WO 0224759A3„I_> 



4 



» 



INTERNATIONAL SEARCH REPORT 

information on patent family member* 


tntet jnai Application No 

PCT/US 01/28992 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 



US 5883173 



16-03-1999 



AU 


705183 B2 


20-05-1999 


AU 


5798396 A 


22-01-1997 


BR 


9608659 A 


18-05-1999 


CA 


2221649 Al 


09-01-1997 


CN 


1199413 A 


18-11-1998 


EP 


0833863 Al 


08-04-1998 


JP 


2001518122 T 


09-10-2001 


NO 


976007 A 


20-02-1998 


PL 


328865 Al 


01-03-1999 


TW 


419496 B 


21-01-2001 


WO 


9700910 Al 


09-01-1997 



US 4810734 A 07-03-1989 JP 1009202 A 12-01-1989 

JP 2098927 C 22-10-1996 

JP 7078089 B 23-08-1995 

DE 3810006 Al 06-10-1988 



W0 9907790 


A 


18- 


-02- 


-1999 


NL 


1006743 C2 


09-02-1999 












AU 


8752698 A 


01-03-1999 












BR 


9811128 A 


18-07-2000 












EP 


1002017 Al 


24-05-2000 












JP 


2001512773 T 


28-08-2001 












WO 


9907790 Al 


18-02-1999 


US 5998528 


A 


07- 


-12- 


-1999" 


US 


5721306 A 


24-02-1998 












US 


5760121 A 


02-06-1998 












US 


5552469 A 


03-09-1996 












US 


5698624 A 


16-12-1997 












CA 


2178441 Al 


08-12-1996 












EP 


0747451 A2 


11-12-1996 












JP 


9118518 A 


06-05-1997 












US 


5837763 A 


17-11-1998 












US 


5844032 A 


01-12-1998 












US 


5849830 A 


15-12-1998 












US 


5877248 A 


02-03-1999 




\ 








US 


6228903 Bl 


08-05-2001 



fotm PC T /ISA/210 (patem tarrciy annex) (Juty 1992) 
BNSDOCID. <Wn 09947SQA* » > 



